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POLICYAND DISCLAIMERS

Policy Statement: The Federal Aviatim Administration (FAR) Academy
strangly supports acadamic freedom ard a researcher’s right to publish; there-
fore, the Federal Aviation Administration Academy as an institution does not
endorse the viewpoint or guarantee the tedmical correctness of arty of the ar-
ticles in this jomel.

Disclaimer of Liability: With respect to articles available in this jomrel,
neither the United States Goverrment nor the Federal Aviation Administration
Academy nor any of their employees, makes any warranty, express or implied,
including the warranties of merchantability and fitness for a particular purpose,
ar assures any leggl liability or respansibility for the acoracy, conpleteness,
or usefulness of arty informetion, apparatus, product, or process disclosed, or
represants that its use would not infringe privately owned rights.

Disclaimer of Endorsement: Reference herein to any specific camercial
products, process, or service by trade nane, trademark, merufacturer, arother-
wise, does not constitute or inply its endorsement, recomendation, or favor-
ing by the United States Govermment or the Federal Aviatiom Administration
Academy.The views and opinions of authors expressed herein do not state or
reflect those of the United States Govermment or the Federal Aviation Adminis-
tratio, and shall not be used for advertising or product endorsarent purposes.
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PHILOSOPHY STATEMENT

Cormelius Lanczos, a methamatician working in the field of applied aralysis,
expressed the history of mathematics in three phases:

1) A given physical situatiom is translated into the realm of runbers,

2) By purely formal operations with these mmbers certain mathematical
results are dotained, [ard]

3) These results are translated kadk into the world of pysical reality (1988,
p-D. !

Fomel pepers, in subjects related to aviation, roughly follow the sare course.
However, there appears to be a weakness in aviation research, that being the
anissio of the third phase.

Tt is not good enough that aonclusians are drawn, if those conclusians fail to
improve the system doserved. Clearly, the doserved have a say in inplementing
the aonclusians of research, but their failure to inplanent the conclusians drawn
by the researcher may be nore indicative of a lack of uwderstanding than a lack
of desire. Researchers tend to peer into corplex systems as through a soda
straw, forming formal goinians o the finite without understanding the aoplete
system. Industry, ever mindful of the coplete systam, mey find research irrel-
evant, because it mekes much to do about nothing.

Tre editardial staff, to include those listed as amsulting editors, is comitted
to the inprovement of all individuals within the aviation commnity. We seek to
enhance existing systems bearing in mind that small improvements nust not
upset the delicate balance between too little ard too much help. We also seek
to pramwte safety, not by lip service, but by demmstration in how we execute
our studies and how we report our findings.

We feel that the best way to translate results back to the diysical world is to
incorporate the viewpoints of pecple arourd the gldoe. Without the influence of
a worldwide comunity, we deny the significance of diversity, and igore the
perspectives of gifted scientists fran differat contries. Tt is ar hope thet eech
resder will feel the sae.

Tanczos, C. (1988). Applied ZAnalysis. Mineola, NY: Dover Puiblicatians, Inc.



EDITOR’S NOTES

Formal Papers

To identify factors useful in the develgoment of aollege aviation arriculum,
Fanjoy and Young focused on glass cockpit training fram the viewpoint of the
lire pilct. Oe hndred ard ten highly experienced airline, corporate, and military
pilots were surveyed befare ard after a flight similator training session. Along
with issues relating to the autamted flight deck training, transition between old
and new technology aircraft are discussed, as well as recomendations for
developing a glass codkpit pilcot training course.

The Stewart and Dotme article discusses the findings from a trensfer of
training study coducted in the U.S. Army’ s Tnitial HEntry Rotary-Wing training
program. Sixteen of 46 U.S. Ammy of ficer trainees learmed to hover in the
Autareted Hover Trainer before training in the WH-1; the ramining thirty served
as aotrols. Instructar Pilats, blind to the caditians, evaluated their perfamence.
Results demonstrated that AT-based adaptive training, when conbined with
proficiency-based instruction, could save time ard resources in training the basic
hover meneuvers in the TH-1 aircraft.

The current natiaml discussion an what forms flight training should take in
the fubrre, to inprove Reranautical Decision Meking abilities, is addressed by
Bertrard. This article provides new information gained fram a survey-based study .
The study surveyed extrenely experienced flight instructors to investigate
background information camected with the development of scenario training
models.

Maintenance errors are a key cause of aviation mishaps. Research efforts
are focusing an how background factors influence safety cutcares. The Fogarty
study set aut to validate a structural model wherein psychological strain is
depicted as a major aontributor to maintenance errors. Based an a survey
administered to 150 maintenance persamel, the findings showed the effect of
safety climate an errars is at least partially mediated by individel level factars,
such as psydological strain.

Tre Li ard Herrds article examines the reliability and agolicability of the Hien
Factors ZAralysis and Classification System in the Republic of Chinma (R.O.C.)
Air Faree: amilitary, aollectivist, high power-distance culture. Tt also examines
Inter-rater relidhility . Analyzing 523 accidents occurring in the R.O.C. Air Force
between 1978 ard 2002, the findings of this research highlighted critical areas
of hien factars in R.0.C. military aviation inneed of further safety initiatives.

Inspection and maintenance errors have a formidable impact on the safety
ad reliability of air transportation. Srveillance, auditing, and airworthiness
directives are a part of the quality assuwrance finction of an airlire. Iyenger,
Kapoor, Dharwada, Greenstein, and Gramopadhiye identified the process
measures for these work fimctions based on humen-factor principles, utility of
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data being captured, and working around mental models of the quality persarel .
Following this identification phese, two surveys were canducted to validate the
process nmeasures. The results of the fivst survey are presented. The results of
the second survey are awaited.

Saleem and Kleiner wrote on the laboratory experiment performed to
understard the effects of visual coditions on pilot performence, worklosd, ard
situation awareness for both VFR and IFR flights. Eight VFR-anly pilots and
eight TFR-rated pilots performed landing apprcaches during daytime, nighttime,
favorable weather, and deteriorating weather coditians using a medium-fidelity
fligt similatar . Few dif ferences were found between or within each of the two
pilot grogps, in terms of dojective flight perfomence. However, key dif ferences in
workload and situation awareness were exhibited.

The purpose the Sheremeta and Weitzel study wes to identify the factors
that influence the jdo performence of the Dispatcher . To determine factors that
may enhance or hinder the performance of the Dispatchers, 19 Dispatchers
were interviewed from both a major carrier and a low-cost carrier.The results
suggested that Dispatchers want stronger management support and improved
tedmology in the workplace.

Hren factors training is mendatory for flight crews in the United States, yet
it ramins gotiasl far mn-flidht labor. L, Przetak, arnd Wetmore examined the
lewel of trest fronm-fligt errar af fecting aviatio safety . The mon-flidht ervor
was fourd to be the nmost significant direct hazard af fectirg airlire safety . The
disocovered accident causes were categorized into ten groups associated with
36 root factors. Using Fault Tree Analysis a more cost-ef fect safety training far

mm-flight warkers is provided.

Upon carpletion of a two-part exercise, pilots using GPS navigation
significantly lowered their ravigatianl awareness rating, while pilots navigating
by pilctace raised theirs. These results, based on findings from Casner ‘s study,
call into question ugualified beliefs and claims that advanced avianics systearns
enhance pilots’ navigational awareness and pointed to a need to teach pilots
about the potential humen factors pitfalls associated with advanced avionics
systems.

NASA publishes the data of almost every astranaut from the United States,

the former USSR and its subsequently independent states, Eurcpe, Australia,
and Asian. Pnalysis of this data conducted by Cokley, Rarkin, and Sdmlein
revealed the nmost likely characteristics of the menbers of the first comunities
in gpace. They contemplate these comumities as “audiences,” just as
earthbound commnities have been grouped into audience, or “merket,” segrents
by media companies.

employed in airport operations and menagement positions. One hundred six
airport menagers and airfield gperatians persarel respaded to a survey sesking
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the identificatio of kills ard traits deared inportant for entry level airpart
ocerations persarel . The results from this study add to the body of research an
aviation menagement curriculum develcopment.

Develcopmental

The Uhited Natians ard its bodies, such as the Intermmatianal Civil Aviatio
Orgpnization, have acted as arbiters in politically amtenticus issues. Both
Qrepnizatians have proven their viabilities and sustainabilities in their roles as
menagers of intermatiamal relations, demmistrating dojectivity, discretion, ad
Jjudicicusness. Rbeyratne’ s article draws an the various instances of dispate
settlement by ICRO, demonstrating the role played by diplamacy in the
Organization’s position as the specialized agency of the United Nations
adressirng issues of intermmatiawl civil aviatio.

Rarkin ard Eweld discuss the services available to the airvport industry through
AlrportNet, the e-govermment website of the American Association of Airpart
Exeautives. Through the AirportNet, local govenments, policy mekers, 1ddoyist,
supliers, vendors, ard others are linked together throuh this airport meregarent
website.

Book Reviews

Hansen reviews “Aircrew Security: A Practical Guide” by Clois Williams ad
Steven Waltrip.

This bock concermns post Septenber 11, 2001 searrity issues facing aircrews
ard flight attendants on comercial aircraft. Flight-crew menoers, airline
pessargers, ard readers, interested in aviation security will firnd this bock
informative ard thought provaking.

ko
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Formal Papers

Flight Deck Automation: Line Pilot Insight
for Improved Initial Pilot Training

Richard O. Fanjoy and Jom P.Young

Purdue University
West Lafayette, IN
USA

Abstract

The difficulty associated with transition from round-dial to “glass

cockpit” flight instrumentation has received significant airline in-
dustry attention over the last decade. Collegiate aviation curricu-
lum designers have carefully monitored airline training in this area
for insights to flight automation course development. This paper
addresses glass cockpit training from the perspective of line pilots
in an attempt to identify factors useful to college curriculum devel-
opment. Study participants included one hundred and ten highly
experienced airline, corporate, and military pilots who were sur-
veyed before and after a flight simulator training session conducted
in preparation for an employment interview with a major airline.

Although only a few study participants reported problems in com-
pleting automated flight deck training, most reported ongoing con-
cem with line operation of such systems, particularly during the

approach and landing phases of flight. Although pilots in the study
sample reported regular use of automated flight modes during

most phases of flight, they expressed concem over a perceived
deterioration in psychomotor skills essential to manual flight op-
erations. Issues related to the transition between old and new tech-
nology aircraft are discussed in this paper, as well as recommen-
dations for glass cockpit pilot training course development.

Requests for reprints should be sent to Kay Chisholm, FAA Academy,AMA-530,
P.O. Box 25082, Cklahoma City, OK 73125. E-meil to kay.chisholmefaa.gov.
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Flight Deck Autametiom: Line Pilot Insight for

As newly certified pilots gain experience ard prepare to enter service with
the aviatiom industry, they eagerly anticipate the progpect of flight in the latest
autareted aircraft. Modem “glass cockpit” flight decks also draw great intervest
fram lire pilots in transition ard offer an exciting aatlet faor established caorputer
gkills and evolving expertise in advenced aircraft. Technological advances
associated with advenced flight instnumentation provide more efficient aircraft
peratiom while reducing the potential for pilot ervor ard task satration. However,
pilot carplaints of rushed/inadequate autamated flight deck training, reports of
autaretion accidents/incidents, ard the potential for loss of kasic stick and
rudder skills provide cautiamary reminders for those dharged with training pilots
of modem aircraft. This peper presents the results of a survey of line pilots
regarding their perspectives an glass oockpit systems training and a self-
provided insight for the develaorent of glass codpit training arriaila.

A nunber of researchers have attarpted to identify factors that impact glass
cockpit training (Javaux, 1997; McCrdoie, et al. 1997; Roessingh et al. 1999;
Sarter & Woods, 1992; Wimer, dute, & Moses, 1999) . Their findings suggested
that a basic cognitive discamect occurs between pilots and the automated
flight deck. Wiener et al. (1999) surveyed almost 300 Boeing 757 pilots arnd
Sarter and Woods (1992) surveyed 135 Boeing 737 pilots to assess their mestery
of flight deck automation. Both studies suggested that mode awareness and
gaps in autamtion knowledge are important factors that can lead to improper
interaction with automted flight systems. Highly experienced pilots report
particular cocem with mode anfusion during critical ghases of flight (Domheim,
1995; Huettlg, Anders & Tautz, 1999; Javaux, 1997). Mode awareness and
confusion problems seem to be generated by poorly trained mental models of
how autometion works as well as incomplete or ineffective feedoack from
automated systems. Researchers noted that pilots comonly conplain about
autaretion training thet is structured for rapid course aarpletion ard that anly
addresses basic procedural considerations (Funk & Lyall, 1999; Roessingh et
al., 1999) . Researchers suggested that to ke effective, training must address
how such systems operate, why they ogperate that way, ard apporopriate decision
processes for autarmation “surprises.” Javaux (1997) suggested that flight
autaration prablems derive from the complexity of interactions between flight
deck autometion and pilots. His list of tasks that highlight interaction between
the flight crew and automated systems included intentional engagement/
disengagement of automated modes, awareness of automatic mode transitions,
prediction of autaretic mode transitians, ard prediction of mode effect an aircraft
operation. Huren ogperators depend upon feedback regarding these transitions
to either successfully operate or monitor flight goeratians. Feedoack, however,
is not routinely oonsidered in flight deck design (Normen, 1990) . Mary aspects
of flight automation were designed purposely to be transparent to the humen
pilot. When things do not go well, however, the lack of feedoadk to pilots may
set up an incorrect response or absence of response by the humran crewmenber .

International Journal of Applied Aviation Studies



A common conmplaint regarding automation development is that systems
desigrers fail touse a human-centered agoroach to autamtion. Billings (1991)
suggested that effective autametion design must kesp the pilot actively irvolved
in autametion operation, provide a aostant flow of autoretion information, e
designed for easy mmitoring, have predictable autamation actions, provide
autamation that is able to moitor and correct humen mistakes, and help the
(coupled with policies that mendate meximm use of autamatic flight modes)
may lead to pilot carplacency and over reliance an autametion, inefficient use
of flight automation, an incorrect mental model of autametion function (which
can lead to incorrect respanse), and/or a deteriaration of merwal flight skills.
Mosier, Skitka, Dubear, and McDamell (2001) noted autamation errors often
result from a humen tendency to take the most expeditious course of action
when praolem solving. Errors in flight performence typically coor due to inaction
ar failure to amsult additiasl sources of infometion/feedack. Tn addition, Javaux
(1999) suggested that a reduced exposure to malfunctions during flight and
minimel theoretical fordation provided during training lead to implicit leaming
acquired through autareted flight qperatians. The result is a potattial for incorrect
or inadequate response when encomtering an wusual flight situation. Huettig
et al. (1999) suggested that a camon monitoring behavior occurs with
incarpletely trained glass codkpit pilots. In such instances, autamted flight
drives an increased decision activity warkleed while taking the pilct further aut of
the loop to address real time wwisual activity.

Pilots of autarated flight decks describe training in autometed cperations
as procediral Iy foousad ard insufficient to reduce the inpact of in-flight surprises
that regularly coorr. However, most airlines mendate meximum use of flight
deck autaration for geeratiaal ef ficiency ard safety. Frequently, the reslt is
that pilots who are new to an autamated flight deck lack anfidence in autareted
systars qoeratians, particularly drding critical ghases of flight. Such pilcts may
not have mede the adjustment from active amtrol of the aircraft, based upo a
broad rarge of feadoadk, to passive mmitaring of aircraft geeratians using mininel,
but targeted feedback. This study was designed to identify issues associated
with a transition to autamated flight deck geeratians that might ke useful in

Methodology

The population for this study was 110 highly experienced airline, corporate,
ard military pilots wo were ampleting flight similator training in preperation
for an interview with a mejar airline. Training was conducted from August to
Noverer 2003 and consisted of a 15-mirute pre-brief session followed by a
ae-lorr session in a “roud-dial” Boeirng 727 training device. The training profile
axsisted of a short orientation to the instrurent perel, a takeoff, a carplex
departure procedure, rate clinbs and descents, holding scenarios, and descent/
vectars for a precision instrurent agoroach. Additional instrument approaches
were acoanplished to acoplete the hour of training.

Flight Deck Automation

15
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A biograghical survey was adhinistered to participants prior to training. Data
oollected included: age, gender, total flidt hows, ad method of initial fligt
training. In addition, glass codkpit ard rord dial aincraft experience were
assessed. Fimally, subjects with autamated flight deck experience were asked
to rate agpects of their training ard level of familiarity with varicus modes of
autamated flight systems. Several cpen-ended questions were presented during
the survey to address participant concems with autareted flight deck training
ard suggestions for improvement. Upon corpletion of the survey and training
pericd, a Likert-scaled instrument was administered to determine participants’
perosption of their perfamence during the flight similatar sessian. Ttars evaluated
included: instrument crosscheck proficiency, fligtt within established aotrol
tolerances, smoothness of oontrol, and knowledge of instrument procedires.

Results

For survey purposes, glass cockpit aircraft were defined as having an electranic
flight instrument system and integrated instrurent displays that cperated in
cojunction with a progranmeble flight menagement system. The average total
flight time of all participants was 5,583 hours and rarged from 2,200 to 16,000
hours. When asked about their initial method of flight training, 39% of the pilots
reported training through collegiate aviation. Other respadents reported flight
training with fixed base gperators (28%), training centers (18%), and military
flight schools (15%) . The participants in this study were enployed by regicnal
airlines (55%), mejor airlines (15%), corporate aviatio (11%), military aviation
(11%), ard charter/instructing/miscellaneous (8%) . Average glass aockpit flight
time for the 75 participents (68%) with glass codkpit experience wes 1,915
houars. Thirty-five participants (32%) had negligible tine in glass codkpit aircraft
(less than 5 hours) . Data collected fram those participents with negligible glass
experience were not ansidered in study findings.

Pilots in the study sanple were asked what they liked best about their prior
glass cockpit training. The dhallenge of learming advanced autamtion ard glass
aockpit tedrology was cited most often (35 pilots) . Maryy felt that this dullaoe
was a mejor highlight in their professianl careers. The new display tedrology
ard imovative methods of instruction were also identified as best-1iked aspects
of trainirg. A few respadents indicated that the increased endasis an situatiawl
awareness ard the use of gpecialized flight training devices dirding training were
especially helpful during the transition to glass cockpit instrumentation
Figrel).
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Figure 1. What did you like best about your glass cockpit training?

Study participants were queried about those areas they liked least during
glass cockpit training. While sare pilots indicated method of instruction was
their most liked area of training, the same area was reported as overall least
liked area of training (20 pilcts) . Other pilcts (15) fourd training corse fomets
frequently inadequate. Sare pilots (12) felt threatened by a new system that
was radically dif ferat fram their priar experiaxes. A few pilots reported prdblars
with the transitim to a new instrurent display (7) and difficulty in adjusting to
aaputer-based training (5) . In addition, sove pilcts (12) identified the flidght
menagenent system (EMS) as especially difficult to mester (Figure 2).

Least Liked Areas of Glass Training

25

20

15 L]

10 |

# of Responses

Instruction Course FMS New Displays CBT
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Figure 2. What did you like least about your glass cockpit training?
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Prior to the similator training sessians, pilots were asked what areas of
rourd dial gperation most ooncermed them. This question focused aon pilot
axfidence in their abilities to caduct flight queratians using raw data. A mejadty
of the respadents (43) were concermed with their current scan proficiencies.
They felt aonfortable locating primery flight informetion that was aotained in a
sirgle display unit, especially those that had been flying glass for sare time,
ard hed dodots abat their aoilities to effectively inrerpret flignt data frammuiltiple
sources in a typical roud dial aircraft. Sore respaondents (23) were concerned
with the transition bedk to roud dial aircraft and a dif ferent goerating philosodhy .
A few pilots (9) were cacermed with precision manual aircraft control drdng
kasic instrurent flight meneuvers, such as changing/holding altitudes and
headings, entering holding pattems, arnd aorpleting a kasic precision instrument
approach. Many pilots (36) did not indicate an area of concem in response to
this question (Figure 3) .

Areas of Concern
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45

35— —

30 = -

25 e -

20 f— -
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10 fod — -

Basic
Pro?ig%?m G'OSS(;F’ lround instument  NJ/A
Y a flying

Figure 3. 2s you prepare for this simulator session, which areas of rourd dial
operation cause you concern?

Respadents were asked to rate the difficulty of the glass cockpit training
they received. Qualificatians of training providers, course amtent/methodolagies,
M a Likert scale of 1 to 5, with 1 being very dif ficult ard 5 being very easy, nost
respadents (70) foud their flight automtion training courses to be at least
satisfactory (Figure 4) . These ratings seamed to indicate that training courses
met the overall expectatians of the trainees, despite particular areas of concem
idatified in an esrlier questian.
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Figure 4. wat wes the difficulty level of the glass cockpit training course
you attended?

Survey respandents were asked to identify phases of flight with which they
were most uncomfortable when using automated flight modes. More than cne
area caild ke idatifiad, if desired. Although all phases of flight were represented,
the approach (33) and departure (21) phases of flight were most comonly
identified in respmse to this question (Figwe 5). A few pilots comented
separately that the use of flidght autamtion durding missed aporoach wes especially
daelleging. Although aspects of flight deck autometion that contributed to
discomfort were not identified, gpen literature seems to suggest programmirng of
the flight management system can be prdolematic in most flight phases.

Discomfort with Automation vs. Phase of Flight

35
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Figure 5. Tn what phases of flight do you feel most uncomfortable when using
automated flight systems?
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Firelly, survey respondents were asked how often they flew approaches and
departures using automated flight deck systems (versus marwally-flown
approaches using raw data) . Ona 1 to 5 scale with 1 as never ard 5 as always,
the most comon response was either occasional (22) or frequent (42) use of
flight autamtio systans during line gperations (Figure 6) . Given respanses to
the previocus question, these responses praobably reflected carpliance with
comparty policy, rather then a level of anfidence with autareted flight systers
dumrirg pertiailar gheses of flidght.

Frequency of Automation Use

# Of responses
N
o

0 I |
never seldom occasionally frequently  always

Figure 6. How often do you fly approaches and departures using autcmated
flight systems (versus hard flomn with rew data)?

Study participants with glass cockpit experience had accrued an average of
1,915 hours in glass aodpit aircraft. The mejarity of these pilots irdicated frequat
use of flight atamtio featires dring flidht. They reported that use of autarered
flight systems was strongly encouraged or mandated by comparty policy. Sody
participents identified departure ard instrurent aporoach as phases of autareted
flight with which they were most unoanfortable. Since both phases of flight tend
to ke laoor intensive ad critical to fligt safety, such findings are not unexpected
ard are oonsistent with findings about vertical navigation modes suggested by
earlier studies (Dormheim, 1995; Sarter & Woods, 1992)

Responses to other survey questions revealed general, yet qualified
satisfaction with glass codkpit training arriaila. Wen queried oot the diffiailty
of initial glass codipit training, aily a fewpilcts (6) rated their coxses as “Wwery
essy’ ar “Wery diffiailt.” Most resoses fell in the “satisfactary” ar slidghtly better
rarge. Respodents esgerly anticipated their initial trensition to a modem,
autareted cockpit. They viewed autamation tedrology as especially helpful in
the conpletion of flight duties ard reparted that glass codkpit aircraft were easier
to fly due to a sinmplified instrument scan. The new display tedmology provided
them with most of the information they needed an two screens and a level of
situatianal awaereness that had not been available in the past. Most pilots (70)
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were grerally satisfied with the overall training they received during their initial
glass codkpit training.

When asked to identify what they least liked about glass training, several
(20) respadents pointed to methods of instruction. The two main carplaints in
this regard were the lack of interactivity with actual systamns cormponents and
the use of older instructianl media, such as videos, slides, ard picture hardauts,
to introduce the subject. The absence of harnds-on practice ard, in a few cases,
the presence of instructors who were anly merginally familiar with glass
teclmology, also led to frustrating training experdiences. A few pilots reported
that course formmets were ot respansive to their particular leaming styles and
rates of subject mestery. Other respadents reported that glass aockpit training
courses were too fast, too short, and amtained too much informetion, frequently
leading to information overloed. In a few cases, respadents felt that too much
training was allocated to self-study with computer-lased training and meruals.
Others fard it diffiailt to leam an etirely new aircraft qoerating philosagdy ard
concept of cockpit management. A few pilots reported the flight menagement
system (EMS) was particularly dif fiailt tomester. Much of the EMS training was
left to instructars dwding full flight similatar ar actel aircraft trainirg. Sody
regpondents also noted little emphasis was placed on methods of scaming a
glass codipit display, where vertical tape instruments predamirate. Firally, some
respandents reported that during similator training, too much emphasis was
placed on autamation and not encugh on basic hand flying.

Discussion

The mejority of pilots surveyed during this study crrrently were flying glass
aockpit airplanes in line gperatians ard the prospect of retuming to an older
tedrology airplare with traditiarl rord dial instrurentation, especially during
an employment interview, was met with sore trepidation. Having spent several
years flying glass, mery study participents were concermed with their abilities
to effectively gather information from widely separated instruments rather than
interpret a single primary flight display (PFD). Others were more concerned
abort the interpretation of individual “steam gauge” instrurants, after usirng their
integrated, computer-generated display coumnterparts, mep displays, trend
vectors, and other features camm to newer autarated cockpits. Several pilots
were concerned about marual flying skills during instrument meneuvers such
as tums, rate climbs and descents, holding, and hand-flown instrument
approaches using rew data. They felt that their instrument scan proficiencies
were degraded due to established reliance on autarated flight modes. It is
unclear whether this reported issue reflected concems with an upcoming pre-
enployment evaluation in older technology systems or concerns for personal
Sdlls.

Survey respondents suggested that training on automated flight systems
kegin early in the aircraft training crricilum and thet pert task trairers be
incorporated within the course of instruction. Marny flight training courses rely
o the “drink fram the fire hose” aporcach, yet adequate training time with glass
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aockpit tedrolagy sears particularly deficient as reported by study perticipants.
Mastering the autameted flight deck terminology and interacting with part task
trainers, especially the EMS, would better prepare pilots for expanded training
sessians in full flight similatars arnd/ar actual aircraft.

Study participants suggested that all aspects/modes of autarated flight be
introduced during training to prowote proficiency and minimize the potential for
geeratianl surprises. In addition, pilots should ke proficient in progranming
merual flight gperations and resuming merwal control during any ghese of flight
shauld the situation dictate. Unfortunately, exposure to such activity frequently
is relegpred to experimantation during actual line gperatians, after famel training
has been ooncluded. Pilots who are new to glass cockpit gperations need to be
egpecially alert to coplacency during autamated flight operations, since over
reliance on autamated systems has been identified as an important factor in
several accidents and incidents. Several pilots recommended that currency in
kasic flight procedires be maintained by perdiodically hard flying the aircraft with
reference to raw data, especially during instrurent approaches. Rather than
reflect a lack of anfidence in autareted flight gperatians, this suggestion may
represent a basic need for more active irvolvenent in aircraft cotrol through
mnitaring activity during autareted flight.

Other suggestians for glass cockpit trainees include leaming the efficient
menipulation of displays to dotain needed infamation and to declutter the screen.
Exposure to comon progranming errors can be helpful in this area. Strategies
for developing a new scan to address vertical tape instruments (instead of roud
dial instrurents), trerd vectars, ad the vast amount of infometion an ae display
wmit should be developed by pilots transitioning to an autometed cockpit.
Significant training time shauld ke spat a the interaction of all aircraft systars.
Aopin, the speed and sequence with which glass cockpit training information is
introduced seams to be directly linked to comprehension. Glass cockpit
Instnumentation functians ghauld e presented early during ajroraft initial fransition

training ard then reinfaroed with hards-an practice tlroghout the training course.

Recommendations for New Generation Airaaft Training

Based on ingights provided in the literature review and coments from
professianl pilots who participated in this study, the authors of fer the following
recamendations for improved glass codkpit training:

1. Begin training in new tedmology aircraft with glass cockpit terminology
ard definitions. Defining novenclature and basic concepts early an will help to
meke the transitiom to an autamered flight deck easier. Introdcirg this instruction
near the begiming of aircraft systems training will allow more time to mester
this new material, which has been viewed by many as the most difficult part of

2. Sperd suf ficient tinme an EMS training prior to similator and/or airplane
training. Part-task or corputer-based BMS trainers are particularly helpful.
Inadequate training in this area can significantly impact success with other
aspects of flight autarmation while transitianing to line gperatians.
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3. Tntegrate part-task trairer ad flight training device instruction with groad
school instruction. The hands-on approach will help to reinforce desired

4. TUse interactive media, whenever possible, to discuss subject areas.
Mexdmize free-play gooortunities with (BT ard pert-task trainers prior to similatar
ad/ar aircraft trainirg.

5. Erphesize new scan tedmiques, including interpretation of vertical tape
instruments and cperations with degraded autamation displays.

6. Discuss all available information an the digplay screens, and how to move
quickly to new screens to dotain additicml information. The ability to remove
clutter an a screen when too much informetion is displayed can meke flying the

7. Begin exposure to flight autaretion with basic flight phases that are
familiar to the trainee fran past experiaxe with rord dial aircraft. As proficiecy
is cpined, add layers of autamtion until the new pilct is confartable ard proficiat
in a totally automated enviromment. Then meke sure he/she can reduce the
layers of autametion when experiencing task saturation or coducting meneuvers
that require a reduced level of flight autamtion.

8. Stress the need to remain situationally aware and mentally ahead of the
aircraft. Students must avoid carplacency and over reliance an the autaratian.

Conclusion

Modem aircraft use glass cockpit tedrology to ensure more efficient flight
operations arnd to minimize pilot workloed. Advances in computer technology
ard miniaturization will pramwte firther advances in this area. Studies of
autamated flidht incidents/accidents and pilct surveys suggested that the humen
operator remeins the weak link during the eamployment of advanced flight
instrurentation (Fuk & Iyall, 1999; Sarter & Woods; 1992) . This study presented
findings fram a broad cross-section of professianl pilots who offered insights far
improved glass cockpit training methods. These inputs are presented against a
adkdrp of caxcems faced by the aviatim industry, inchding the reed for ef fettive
training, the high-cost of flight training resorces, ard the pressure to tum aut
trained pilots in minimum time. Further studies are needed to understand
cognitive agpects of the huren pilot/autamated systems interface. Instructicmal
strategies for tailaring flight autamtion topics to variaus leaming styles souald
e key cutcomes of such irvestigations and should shape future glass cockpit
trainirg arriaila. As the runber of rord dial codkpits in the air transportation
industry amtirues to declinge, the need for effective flight autametion training
methods becares more imperative. The authors believe the glass cockpit
axsideratians suggested by this study will provide useful insight for the
develamrent of ab initio ard other training methods to prepare the next generation
of air transportation professianls for service in autamated cockpits.

References

Rillirgs, C. E. (1991) . Human-centered automation philosophy (NASA Tedmical
Memorandum 103885) . Moffett Field, CA: NASA-Ames Research Center.

Flight Deck Automation

23



2%

Dornheim, M. A. (1995). Dramatic incidents highlight mode prdblems in cock-
pits. Aviation Week & Space Technology (p. 57). Jaruary 30, 1995.

Fuk, K. & Iyall, B. (1999). The evidence for flight deck autaretion issues.
Proceedings of the Tenth International Symposium of Aviation Psychology
(po. 105-110) . Columbus, OH: The Ohio State University.

Hettig, G., Anders. G., & Tatz, A. (1999) . Mde awareness in a modern glass
cokpit: Attention allocation to mode infometion. Proceedings of the Tenth
International Symposium on Aviation Psychology (pp. 130-134) . Colurbus,
(H: The Chio State University.

Javaux, D. (1997) . Measuring cognitive aoplexity in glass-cockpits: A geeric
framework ard its agplication to autgpilots ard their modes. Proceedings of
the Ninth International Symposium on Aviation Psychology (pp. 397-402) .
Colurbus, OH: The Chio State University.

McCrabie, D., Alkin, M., Sherry, L., Feary, M., Rolsm, P., & Palner, E. (1997).
Frhancing vertical nevigation performence in glass-aockpit aircraft. Proceed-
ings of the Ninth International Symposium on Aviation Psychology (. 434-
439) . Colunbus, CH: The Chio State University.

Mosier, K. L., Sdtka, L. J., Dukar, M., & MDarell, L. (2001). Aircrews and
autamation bias: The advantages of teamwork? The International Journal of
Aviation Psychology, 11 (1), 1-14.

Normen, D. A. (1990). The prdblem of autamation: Inappropriate feedback and
interaction, not over-autaretion. Philosophical Transactions of the Royal
Society of London, B 327.

Roessingh, J. J., Van G, R. N., Fletcher, G., Dudfield, H., Lodge, M., Koehl,
F. & Linsemmaier, B. (1999). Trainirg for the ‘glass codpit’: Trends, prdo-
lems ard solutions. Proceedings of the Tenth International Symposium on
Aviation Psychology (pp. 985-991) . Colunbus, CH: The Chio State Univer-
sity .

Sarter, N. B. & Woods, D. D. (1992) . Pilct interaction with cockpit autametion:
Operational experiences with the flight management system. Infernational
Journal of Aviation Psychology, 2 (4), 303-321.

W ierer, E. L., Chute, R. D., & Moses, J. H. (1999). Trarsitim to glass: pilcc
training for high-techrolagy transpart aircraft. Flight Safety Foundation: Flight
Safety Digest, June- August 1999.

International Journal of Applied Aviation Studies



Intermatianl Jomrel of Applied Aviation Studies, 5, Number 1
Copyright © 2005, FAAAcademy, Oklahoma City, OK

Automated Hover Trainer:
Simulator-based Intelligent Flight Training System

Jdm E. Stewart IT and Jomn A. Dohme

U.S. Army Research Institute Rotary-Wing Aviation Research Unit
(Attn. DAPE-ARI-IR) Building 5100
Fort Rucker, AL 36362-5354
USA
Email: john.stewart@rucker.army.mil
(334) 255-9109

Abstract

The Training Research Simulator (TRS) was developed as a low-

cost research simulator, in support of the U.S. Army’s Initial Entry
Rotary-Wing (IERW) program. Four previous experiments demon-
strated positive transfer of training (TOT) to the UH-1 aircraft. The

TRS was modified to become the Automated Hover Trainer (AHT),

by integration of an artificial intelligence (Al) - based software con-
trol model. Its purpose was to investigate adaptive training of stu-
dent pilots (SPs), by providing automated instruction of hovering

Skills (stationary hover, hover taxi, hover tumns, takeoff to, and land-
ing from a hover) without an instructor pilot (IP). A TOT experiment
was performed, in which 46 U.S. Army officer trainees were ran-
domly drawn from IERW classes. Sixteen learned to hoverthe AHT
before training in the UH-1; thirty served as controls. IPs, blind to

conditions, evaluated performance in the aircraft by counting the

total iterations of each maneuver required to attain proficiency. It

also was noted whether an iteration required the IP’s assistance,

and, if unassisted, whether it met formal training standards for that
maneuver. AHT participants performed fewer iterations requiring

assistance, but this difference was not significant. Compared with

AHT participants, controls performed significantly more iterations

in the aircraft below training standard, (p <. 01, one-tailed); these

were significant for stationary hover (p < .01, one-tailed), hover taxi
(p <. 002, one-tailed), and hover tumns (p <. 04, one-tailed). The

research demonstrated that Al-based adaptive training, when com-
bined with proficiency-based instruction, could save time and re-
sources in training the basic hover maneuvers.

Requests for reprints should be sent to Kay Chisholm, FAA Academy,AMA-530,
P.0O. Box 25082, Cklahoma City, OK 73125. E-mail to kay.chisholm@faa.gov.
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Training Student Pilots to Hover

Background

Qe of the critical heliogoter flight <kills that must ke lesmmed by &b initio
trainees in the U.S. Army’ s Initial Fitry Rotary-Wing (IERW) training program is
hovering. Hovering meneuvers such as stationary hover, hover taxi, hovering
tums, takeoff to, and landing fram a hover must be mastered before the trainee
pilot can lesm more advanced piloting skills. Tn the TFRW arriculum, the student
pilot (SP) must learn coordinated hovering skills kefore the 20% fligt trainirg
hour in order to be cleared for solo flight, ard to avoid setlack or elimiration

Successful hovering flight requires the coordinated use of the heliagpter flight
axtrols in arder to overaare the interactians built into the aircraft. For eanple,
when power is added by raising the collective pitch lever in order to clinb to a
higher hover altitude, there also must ke an increase in the pitch of the anti-
tage (tail) raar, which is acoarplished by similtanecusly applying left pedal
imput (in U.S. -merufactured heliaopters equipoed with tail rotors) . In short, any
charge in ae helioopter ootrol position requires a conoanitant dhenge in other
axtrols to maintain the aerodynamic kalance required for stable hovering flight.
These oontrol interactions and the rapid but small control moverents required
to maintain constant position over the groud, especially with varying winds,
amstitute a large part of the dullenge that trainees must meet in order to
mester the various regimes of hovering flight that carprise the TERW syllabus.
In addition, repid eye-hand coordination is reguired in order to perceive and
respad to amell dharges in heliagpter position and/or attitude. Instructor pilcts
(IPs) an the flidhtlire estinete that the typical begimmer pilot will require 5 to 10
hours of instruction to acquire basic hovering skills and ansiderably more time
to master hovering flight in the fundamental meneuver tasks. During this time,
the IP must be vigilant because of the consequences of errors in aotrol irputs
while gperating near the ground. This mekes basic hover training demending
ard potentially hazardous, for both student and instructor.

The Automated Hover Trainer

The idea of a similator-based autameted hover trainer (ZHT) occurred to the
secad author (I2D) during his first attenpts at hovering flight in 1977. The
standard training method used by the Amy is to give the SP aatrol of anly the
pedals, next aily the oyclic pitch aotrol, ad finally, the collective pitch lever.
The prablem with this aporoach cares when the student later tries to integrate
the separately leamed control responses by taking all of the controls
similtanecusly .After reviewing the merual-task training literature, Wightman
ard Lintem (1985) ooncluded that integrated percsptual -motor tasks should not
ke fractiaated for training. This review suggested thet the integration tine for
separately leamed tasks is laer then the time required to leam the tasks
similtanecusly . The reader can see at this point the paradox; thet is, integrated
psycharotor tasks should ke trained holistically, hut for safety reasans, the
new trainee should ot be given all three of the flight aotrols at axe.
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The irvesticators believed the best means of training these conplex hovering
tasks to ke a low-cost similator enploying autareted adsptive training, without
the ne=d for an IP.There has been 1o previous research an rotary-wing adaptive
training systars not requitving an instructor . For primery fixed-wirng training, two
notable examples of autamated flight training systems are worthy of mention.
Koonee, Moore, and Benton (1995) developed and demonstrated the Basic Flight
Instruction Tutoring System (BFITS), which was a PC-based system with both
tutarial and criterian-referenced perfomence meastrarnett systans. It is criterian-
referenced in that it requires the student to meet predetermined standards an
ae merneuver befare proceeding to the next ae. It is tutordal in thet it teaches
students to perform a given maneuver, demonstrates the maneuver, measures
performance when the student executes the maneuver, and then provides
corrective feedback if the meneuver is performed cutside of parameters. Students
pretrained in the BFITS were able to solo significantly earlier in a Gessma 152
then non-pretrained aotrols. IPs noted that students required fewer attanpts to
lard the airplare. The main training advantage of BFTTS is that it alleviates mery
of the prdblars inherent in subjectively evaluating student performence.

The Semi-Automated Flight Evaluation System (Baldwin, Benton, Petriel, &
Koonce, 1995) was derived from the BFITS, and can be considered a
complementary, aircraft-lased system. It is a BClased, an-aivcraft perfomence
evaluation ard tutoring system that is intended to ke easily installable ad
removable, incorporating autamated performence measurement in the aircraft.
Since it amsists of off-the-shelf carpaents, it is much more cost-effective
then digital fligt recorders.

The challenge before the present researchers was to develcop an artificial
intelligae (AT) -based training similatar with built-in stability augretation such
that the begimming student could sucoessfully gperate all tlwee of the heliapter’s
fligt antrols, in ader to acooplish hoverdrng in the aircraft an the firvst attenpt.
Stability augrentation should ke variable, capsble of providing substantial help
to the inexperienced student and much less to the student who has nearly
mastered the task of hovering. The amount of stability augrentation should be
varied intelligently in regpomse to the level of trainee performeance. This should
help the trainee by adaptively augrenting control stability anly to the degree
needed to retain aivcraft aotrol. This premise served as the forndation for the
developrent of the AHT.This similator-based trainer would contiruously review
trainee performance and adaptively augment aontrol irputs such that the demerd
characteristics of the similation would acocamodate the student’s ability to
hover.

The above requirements drove the engineering develcpment of the AHT.
Perospace ard electrical engineers at the University of Alabama applied the
Optimal Control Model (OQM; Kleirmen, Baron, & Levisan, 1970), to the design
of an adaptive trainer providing imer loop stability agrentation. The ratiamale
behind the OV, as set forth by Kleimmen, et al., assures that a skilled machine
ocerator nenipulates the machine’ s aatrols in sare identifiable, gotimel marmer.
In the amtext of helioopter flight, the OQM defines correct performence of a
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meneuver task by a highly experienced pilot as the minimization of a quadratic
perfamence index, which includes vehicle states, aotrol irputs, goerator delays,
ard extermal disturbances to the vehicle. OM identifies the expert ard begimer
via comparison of their respective quadratic performence indices. This
mathematical model periodically compares student performance with expert
performence based aon the criterion of a highly skilled pilot flying the same
meneuver without augmentation. 2As the trainee’ s performence approaches the
criterion, carputer software switches to a lower level of augrentation until the
student is flying the unaugrented helioogpter aerodynamic model (Krislhmakumer,
Sawal, Bailey, & Dchme, 1991) .

The OM also supports the design of a stability augmentation system
(autahelp) to carpensate for errors ard overamtrolling inputs by the begimer .
Krishnakumar, et al. (1991) develaped a family of stability agratation equatians
that model 13 levels of autadelp, with level 0 being o autdelp, to level 12,
where the similator is so stable in a hover that extrare control imputs are
required to dhenge the state of the virtual aircraft. These levels correspad to
varying amounts of imer loop carpensation required for the trainee to meintain
axtrol of the heliogpter similation as training progresses, ard as deviatians
from the skilled pilot model diminish. The software monitors the quadratic
performence indices arnd “steps” the student from ae autdelp level to the next,
Geperding upan whether the root mesn square errors are increasing or decreasing.

In simpler terms, as student performance improves, the amount of control
“thrashing” diminishes, and smoother control inputs becore more frequent. If
the student menifests these irputs for a preset time period (e.g., 30 sex), the
autchelp steps down to a lower level. Cawersely, if inputs becare rough and
less coordinated, autdelp is stegeed up to a higher level. In the AHT, studatts
are introduced to autdelp level 6, ard the software then determines their progress
Intrainirg. To use a mrdane exanple, autchelp is analogous to leaming to ride
a bigycle with training wheels. At autdelp level 12 the training wheels are firmly
o the grord, while at autdhelp 0 the training wheels are in full up positim.

A aatrolled experiment was urdertaken to evaluate the training effectiveness
of the AHT.Army IERW SPs served as research participents, and the experiment
was embedded in the IERW course. SPs pretrained in the AHT later performed
the sare meneuver tasks in a H-1 aircraft an the flightline. Gontrol SPs trained
in the aircraft alae. Flightline TPs ard flight examiners were blird to experdmeantal
acaditians. IPs recorded the runber of iteratians to proficiency for each task,
ard whether or not the task was performed within the Flight Training Guide
(FIG) standards (U.S. Army Aviation Genter, 19%4).

Hypotheses

BHT participants should menifest more iterations of a hover task at the FIG
standard than cotrols, while requiring fewer unassisted iterations to attain
proficiency. By the same raticmale, coantrols would be expected to generate
significantly more iteratians not to standard then AHT perticipats. The ratiaale
being proposed is analogous to a standard of merksmenship. The more proficient
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sharpshooter shauld require fewer rourds to qualify, wen the criterion far success
is three anseautive rords in the bull’s eye; the less proficient sharpshooter
would have to experd more rourds in order to attain the same result.

Method

The UH-1 Training Research Simulator (TRS)

The TRS, the sare similator used in the four transfer of training (TOT)
experiments reported in Stewart, Dolme and Nullmeyer (2002), served as the
platfam far the AHT.The U.S. Army Research Institute for the Behavioral and
Social Sciences (BRT) developed the TRS fram an existing TH-1 Synthetic Flight
Training System (SFIS) instrument simulator.The SFIS is a motion-based,
mm-visuel similator, which represents the TH-1 heliagpter . Three out-the-window
displays were added, with 68.58 an mmitors and collimeting gotics, providing a
forward view far both pilet and agpilot ard a right-side view for the pilot (U.S.
helioopters are designed to place the pilot in comerd in the right seat) . One
imege generator drove the forward visual displays; another controlled the right-
side visual display. Besides a visual display system, the TRS had the high
fidelity aodkpit, hydraulic caitrol loaders, a seat-sheker, ad the five degree of
freedon motion base of the SFTS. Two image generators (BEN 120 TX/T;Rdt,
Baranek & Newman Technologies, Cambridge, MA) were employed for the
present experiment. For the entire system, the meximum measured transport
delay was 108 milliseconds.

The TRS has been improved in several ways since the above referenced TOT
experiments. The NASA UNCLE aerodynamic model (Talbot & Corliss, 1977)
was replaced with the NASAARMCOP model (Mittal & Prasad, 1993). The
ARMOOP model employed on the TRS was improved by enhancing its low-
goeed ard in-groard-effect daracteristics, through incorporation of data collected
in flight on an instrumented TH-1H helioopter.

Conceptually, tte AHT accomplishes Primary (visual) phase IERW hover
training by using the TRS in place of the -1 training helicopter, and the OM-
derived software in place of an experienced IP.The SP is able to hover the H-
1 TRS because the imer control logp augmentation mekes it “easy to fly 7 This
augrentation replaces ae function of the IP: helping the SP to maintain control
of the vehicle.

Participants and Design

U.S. Army IERW of ficer trainees, (44 men and 2 women, mean age = 24.65
years) were randomly drawn from U.S. Army IERW training classes. Two were
Africn Averican; the rest were Caucasian. Forty-five were Second Lieutenants
ard ae wes a Firvst Lieutenant. Sixteen leammed to hover the AHT befare trainirg
in the WH-1 aircraft; 30 SPs from the same classes served as a corparison
(catrol) grap. Flidgt Aptitude Selection Test (FAST) soores for the two groups
M =127.45, SD =11.40, experimental; M =126.44, SD = 9.13, amtrol) were
ot significantly dif ferat (f (44) < 1.00). All trainees with prior flidht experience
were eliminated from the sanple, and consequently were not selected as either
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experimental or control participants. The experiment was a sinple two-group

TOT design, in which TOT was assessed by cormparing the hover training

performence of the experimental group with that of their nonselected (control)

classmates in the UH-1 training helicopter during Primery Phase TERW flight
.

Procedure

Experinental participants performed the following meneuver tasks in the TRS/
AHT: staticery hover, hover taxd, hovering tumms, larding froma hover, ard takeof £
to a hover . The five hovering maneuvers were trained in the order presented
above. In the hover training software program, the similator initiated staticery
hover training by perfaming en “autotakeoff’ by autamatically perfaming a nomal
takecf f toa .2 mhover. When the similator reached a skid height above ground
of .92-1.5m, autctakeoff was terminated and amtrol authority given to the stdant,
who began learming the sensorimotor coordination required to perform a statiaery
hover . The autotakeof f festire was used to initiate training an the first for
meneuvers.

The AT logic that created the autdelp functiom is described by Kridhrekumer,
et al. (1991). This functio, created by the OM with an intermal feedoadk loop,
augmented the SP’ s aomtrol inputs to damp cut overamtrolling respanses. Al
participants begen at autdelp level 6. The gal for the trainee was to reduxe the
level of assistance provided by autdelp fram 6 to 0, with 0 being the waigrented
UH-1 software aerodynamic model. Performence to criterion wes defined as two
omsecutive mirutes at autdhelp level 0. It was camm for participants in the
experiment reaching level 0 to retum to level 1 and saretimes even level 2,
before finally mestering the aontrol movarents required to meintain the autdhelp
mocel at level 0.

When the trainee had met the 2 mirute criterion an stationary hover, hover
taxd, hovering tum, ard landing from a hover, tte AHT initialized o the groad
ard the trainee then mede the first uassisted takeoff to a lover. When the
student met criterion an all meneuver tasks, training was aonsidered aorpleted.
A geniar TP, graded performence in the AHT aa daily besis. This same IP did
ot provide instruction to the SPs, either verally or marually; his role was
sinply to evaluate perfomence in the AHT.

Both groups later performed the same meneuver tasks in the WH-1 aircraft as
part of the TFRW Primery Prase training arriculum. The flightline TPs coducting
IERW were blind as to whether SPs had been pretrained in the AHT.A
Standardization IP administered the End of Primary Phase Checkride in the
aircraft. SPs were evaluated in the aircraft using en evaluation slip mounted an
the TP’ s knesbcard. For each iteration of a meneuver in the aircraft, the IP recorded
whether the SP’'s attampt at the meneuver (1) was assisted by the IP; (2) was
wnassisted by the IP; ard if wnassisted (3) was performed to standard; (4) wes
ot performed to standard. The purpose of this experimental evaluation slip was
to develop more dojective, refined performence measures than the traditional
flight grades. The meaning of performance to standard will be explained in more
detail in the next sectim.
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Measures of Performance

Recording iterations of a maneuver task . With each daily training session in
the aircraft, the Primary Phase IP recorded the rumber of times each hovering
meneuver was demonstrated to the student, each time the student attempted to
execute the particular meneuver, ard each tine the IP assisted the student in
its copletion. In addition, the IP noted whether or not the SP had corpleted
the maneuver to U.S. Army Aviation FIG standards. Successful corpletion of
each meneuver task was defined as three consecutive iterations within the FIG
standard. On an a priori basis, three student performence measures were deemed
most important for the present research: the rumber of wassisted iterations
performed by the student to criterian, ard the munber of iterations (out of the
total runer of wnassisted iterations) which met or did not meet FIG standards
for each meneuver task.

Criterion vs. standard .To avoid amfusion, the distinction between the terms
standard ard criterion should be ede clear at this point. Perfarmmence to standard
refers to the perfomence of a particular meneuver so that formel standards for
successfully executing the meneuver are met. For exanple, the FIG standard
for statiaary hovering (Task #2004) , requires the student to maintain an altitude
of .92 m, with variation of + or - .30 m permitted. Heading must be maintained
within + ar — 10°, ard drift of the aircraft above a fixed point o the groud must
ot exceed .62 m. A student who hovers the aircraft within these limits is said to
have perfarmed the task to standard .Criterion is met when the student performs
the task to standard three consecutive times. The reader should likewise be
aware that the criterion wes dif ferat inthe AHT ard the aircraft. In the famer &
was two onsecutive mirutes without autchelp, whereas in the latter, it wes
three consecutive iteratians to FIG standard.

Performance measurement jssues . There are sare caveats regarding the
use of these measures: total uassisted iterations to criterion, ard the runoer
of these that meet and fail to meet FIG standards. Once the 3-iteration criterion
is met, the student is said to have corpleted the task. For this reasm, larce
differences cauld rot ke expected for this measure, die to a floor effect (i.e., te
student could not have fewer that three iterations to standard) . Catrariwise, the
runber of iteratians not fo standard is rot limited by a floor ef fat. A student

could produce no iterations that did not meet standard, or a very large runber.

Results

Performance in the AHT

All experimental perticipents successfully lesmmed to hover in the AHT, wittin
the eight training days allowed. Training tire with autchelp for the 16 experimental
participants ranged fraom 131 to 197 mirutes (M = 165.96 min, SD = 18.59).
Training time range without autchelp (i.e., level 0) was 27 to 93 mirutes (M =
46.10 min, SD = 21.00) . The overall average grade across all five meneuvers
was 78.94 (SD =4.12). The lowest grade was 72, the highest, 86.
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Performance in the Aircraft

Flight grades and total training time . Because all hypotheses are unidirectiasl,
and previous TRS research demmnstrated overall positive TOT to the aircraft,
ae-tailed pracsbilities will ke used in all of the corpardsans thet follow. In much
the same way as in previcus ART TO T experiments (Stewert, et al., 2002), it wes
evident that reither put-up (f (44) < 1.00) nor checkride (t (44) =1.05, p <. 15,
ae-tailed) scores distinguished the two groups (put-up scores are the flightline
IP's estimates of how the student will perform an the checkride, based an daily
flignt grades) . Even though pretraining in the AHT saved more than one hour
trainirg tire in the aircraft, this difference was rot statistically significant (€ (44)
=-1.08, p <. 15, ane-tailed) . Means ard stardard deviations for these measures
are presanted in Table 1.

Teble 1
Means and Standard Deviations for Checkride and Put-up Grades, and for
Total Flight Hours to Proficiency .

Condion| Checkride Grade Putup G rade ToalFIghtH ours
M eans
AHT 86 88 8750 1146
Contmol 85 .93 86.77 12.75
Standam D evatons
AHT 250 2.76 398
Contmwol 308 2 66 382

Assisted iterations in the aircraft. Because standard deviations approximated
the means for most of the maneuver tasks, and variances were often
heterogeneaus, the iterations to criterion for the maneuver tasks were compared
via a Marn-Whitney U test, (Hays, 1973), which is among the more rdoust of
the naparametrics. For these results, due to sample size, U can be expressed
as an appraxdimation to the nommel z distribution. This test will ke enployed an
all corparisans irvolving iterations of meneuver tasks.

As participants attenpted to perform each task in the aircraft, the IP noted
whether or not the SP required assistance for the meneuver to be completed
safely. It would seem a reasaeble expectation that participents pretrained in
tte AHT would require less assistance from the IP in the ainaraft, then would
axtrols. Far assisted iterations, amtrols required assistance fram the TP an
more attenpts (M =32.87 SD =22.02) then did experimental (AHT) participents
M =25.69; SD =20.98). A Marm-Whitney U test performed on the data showed
thet for total assisted iteratians, differences anly ggoroadhed sicnificance  (Z =
-1.50, p <. .07, ane-tailed) . For individual meneuvers, differences approached
statistical significance aily far statiawry hover (z =-1.58, p <. .06, ae-tailed),
ard takeoff to a hover (Z = -1.46, p <. .07, ae-tailed). The directiaality of
differences, though nonsignificant, was consistent with expectations.

Means and standard deviations for this performance measure are shown
1 Taole 2.
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Teole 2

Means and Standard Deviations for Assisted Iterations Performed in the
Aircraft for Five Hovering Maneuver Tasks

Stationa Landing | Takeoff
Maneuvers hoverry Hover taxi Hover turns| foma | toa | Total
hover hover
Condition
Means
AHT 4.07 4.50 6.31 5.88 494 2569
Control 5.97 5.10 8.13 6.87 6.80 |32.87
Standard Deviations
AHT 3.75 3.88 6.60 5.15 451 |20.98
Control 4.52 4.15 5.67 5.47 5.01 |22.02

Unassisted Iterations to standard . Urassisted iteratians in the aircraft can
either meet or not meet the FIG stardard for a partiadlar task. The criterion for
successful performance of a maneuver was three consecutive iterations to
standard. It would ke reasonable to expect AHT participents to demmstrate
more iterations within standard than aontrol participants. Because of the floor
effect on this measure, large differences between groups were not expected.
This was bome aut when the means for total iterations that met standard, across
all meneuvers, were campared: (M =23.50, SD =5.38), AHT;(M =21.00, SD =
5.15), aatrol. This difference was significant (Z2=1.71, p < .05, ae-tailed) . B
the individual meneuver tasks, the difference was significant anly for hover timms
@ =1.76, p< .04, ae-tailed). Table 3 presents means and standard deviations
for the ninber of iteratians, which IPs judged as meeting standard in the aircraft,
by treatment codition.

Tadle 3

Means and Standard Deviations for Unassisted Iterations Performed to
Standard in the Aircraft for Five Hovering Maneuver Tasks

Stati Landing | Takeoff
Maneuvers tra1t|onary Hover taxi|Hover turns| from a toa | Total
over hover | hover
Condition
Means
AHT 4.75 4.19 4.69 4.88 5.00 123.50
Control 4.33 4.00 4.07 4.27 430 |21.00
Standard Deviations
AHT 1.57 1.42 1.25 1.89 1.63 5.38
Control 1.75 1.62 1.41 1.39 1.37 5.15
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Unassisted iterations not to standard .Table 4 presents means and standard
deviations for unassisted iterations not performed to FIG stardard. It wes
expected that those pretrained in the AHT would produce significantly fewer
iterations not to standerd, compared to oontrol participents. The results,
presented in Table 5, onfirm the hypothesis. While attenpting to perform
meneuver tasks, the amtrol group had significantly more iterations not meeting
FIG standards than did the experimental group, when summed across all 5
maneuvers (Z =-2.27,

p <. 01, ae-tailed) . Loddrg at individel tasks, the difference was significart
forloertad (z= -2.90, p <. 002, ae-tailed), statiaaryhover (z =-2.21, p <
02, ae-tailed), ad hover tums (z = -1.80, p <. 04, ae-tailed). Figre 1
summarizes the three performance measures graphically.

Teble 4
Means and Standard Deviations for Unassisted Iterations Not Performed to
Standard in the Aircraft for Five Hovering Maneuver Tasks

Stati Landing | Takeoff

Maneuvers ilonary Hover taxilHover turns' from a toa | Total
over hover hover
Condition
Means
AHT 5.44 5.38 6.69 4.63 5.63 |27.69
Control 8.53 9.97 9.93 6.77 7.67 4283
Standard Deviations

AHT 7.82 8.77 10.10 5.43 8.04 139.05
Control 6.90 9.22 9.21 5.78 7.35 |34.73
Teble 5

Mann-Whitney U test on Unassisted Iterations Not Performed to Standard in
the Aircraft as a Function of Pretraining in the Automated Hover Trainer

Test  |Stationary Landing | Takeoff

isti Hover taxi Hover turns| froma | toa | Total
Statistic hover hover | hover

] 14450 | 114.50 162.50 | 182.00 |174.50 [141.50
z 2.21 2.90 -1.80 134 | 152 -227
P 02 .002 04 .09 07| .01
(one-
tailed) <
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Figure 1. Mesn iteratias in the aircraft as a function of pretraining in the AHT.
Discussion

Implications of Findings

The AHT represents a prototype Al-based training tedmology . The results of
this experiment were encouraging, in that they demmstrated that training in the
IHT did save performence iteratians in the aircraft. For the five meneuver tasks
practiced in the AHT, there were 1o instances of necptive transfer of training. Al
differences were in the direction of fewer iteratians of all meneuver tasks in the
airaaft for the AHT-traired perticipats then for their aoatrol (edrcraft-anly)
counterparts. Experimental participants mestered the tasks more rapidly than
aatrols, menifesting fewer wassisted iterarians thet did not meet FIG standards.
Tt seams thet the AHT hed the most inpact an hover taxding, followed by statiaary
hovering ard hovering tums. Takeof £ to ard landing fram a hover anly approached
statistical significance. Qne reasm for this finding cauld have been thet these
three tasks include a more “steady state” hovering component than the latter
two, which irvolve transitioning into and aut of a hover state.

Qe additianl firding of this research effart was the refinarent ard validation
of the dependent measures used to assess performance in aviation training.
The deficiencies of the use of daily fligt grades, fligt training hars, ad dederdde
soores as measures of student performence have been previcusly noted (Stewart,
et al., 2002) . Unforturately, these researchers sinply counted the rumber of
iteratians to proficiency and did not note whether these iterations were or were
ot assisted by the TP, or whether or not they met or did not meet FIG standards.
The present study has demonstrated that this additional aralytical effort was
wortlmhiile, in that it provided a more refined picture of student performence, in
that differences, though not all significant, were logically amsistent ard in the
expected direction.
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From AHT to IFT

The AHT isrowcalled the Tntelliget Flidt Trainer (TFT) to reflect the expansion
of the device’s capabilities to include the training of meneuwver tasks beyod
hoverirng, ard to include traffic pattem flidt menawvers, which also prove diffiailt
to begimirng trainees. The additio of traffic pattem flight, which includes a
substantial cognitive camponent, has resulted in develgoment beyond the OQM
towards a more knowledge-engineered Intelligent Training Systems (TTS)
approach. As before, the OM autdhelp function facilitates the acquisition of
piloting skills that would doviate overoantrolling the aircraft, and aonsequent
pilot induced oscillation, which are all toco comon among new trainees. The
TTS function provides guidance, information, and feedback, through a voice
synthesizer, to the stdat drirg traf fic ptem fligt trainirg. The voice feedback
will instruct the student how to correct errors in varicus flight perameters. For
eanple, if, duing similated takeoff, the synthetic aircraft is not trimmed to
within + ar — 10°of the rumay heading, below an altitude of 15.38 m, the TFT will
first tell the student: “dheck headirg.” If the student contines to deviate, he ar
she will be instructed to tum left or right for a specified mnber of degrees.
Firelly, if the sadat is 111 £ the assigned heading after the passage of a
preset time interval, the TFT will instruct the studat to aoly left ar ridgt pedel . If
the third message does not bring the student back into proper paraneters, the
TFT will autaretically reset to the begiming of the training pghase, ard the lessm
will have to be repeated. The interaction between student ard the ITS function,
then, amsists of three phases: (1) performence aontrol activity monitoring, by
which it is determined that the student has excesded a parameter; (2) ddagnostics,
where actiom(s) required to correct the error are identified; (3) advisement, by
which the student is given progressively specific instructions an how to correct
te ear

The platform is no langer the SFIS, but a PC-based, non-motion simulator
which represents the TH-67 training heliaooter, the successor to the WH-1. The
similator, built fran the salvaged codkpit of an (H-58D, has a “glass” instrument
perel ad collineted gotics for the pilot’s frant and side-view window (RT displays.
These visual displays are not replicated an the left (agpilot’s) side, since the IFT
is designed for autamated training, not requiring an IP.The goal is to develop an
AT-based TH-67 trainer in which the entire Primary Phase TERW syllabus can be
trained. Tts most ef fective goplication should ke as a pretrainer, inwhich SPs will
train to FIG standards an the Primary Phase meneuvers, prior to transitioning
to the aircraft. Bgineering ard research evaluation of the TFT will aotinie durding
its develooment, to determine its most effective integration into the IERW
anrriailum.

Application to IERW Training Program Development

Al participants in this study successfully aorpleted TFRW training, but those
pretraired in the AHT required fewer attarpts to mester training in the five target
meneuvers in the WH-1 aircraft, and were nore likely to show proficiency at
these tasks fraom the autset. The present research should have extermal validity
in thet the perticipants were Army IERW SPs. This experiment, alag with
Stemart, et al., (2002) dammstrated that expanding the use of similation beyand
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the instrurent phase of TERW could derive further benefits. However, the arrat
Army TERW primary training curriculum remains a lockstep, hourly-based
program that is not gotimized for the use of similation.

Hence, the present findings may be a somewhat conservative estimate of
what could be attained by a similation-based program augmented by a low-
axt, Al-fased adaptive training system. For this reasm, it would be informetive
to develp a training anrriculum gpecifically tailored to the use of these two
tedmologies. On the average, criterion-based hovering performence an five
fundamental flight maneuvers was achieved in the AHT in slidghtly more then 3.5
houars, ard in less then 12 hours in the aircraft. This may not strike the reader as
Irdicatirg hidghly ef ficient use of adaptive, similator-augrented training. However,
ane must be aware that this research was conducted in a training envirament
that was not optimized for the use of similation, since similatio is cuwrrently
ot aerployed at all in THRW primery (visual) flight training. Training time in the
BHT had to be limited, due to class scheduling and other adninistrative aoncems.
Though a cost-benefits analysis is beyad the soope of this study, one nmust
also kesp in mird that the AHT did not require an IP for the adninistration of
training, ard that its successor, the IFT, is a sinple, RC-hosted trainer costing
far less to gperate than any training heliogpter . ill, the ultinete ef ficiey of
instituticnal similation-based TFRW training remains to be demmstrated. This
awaits the develgment of a similation-focused (i.e., proficiency-lased)
curriculum for TERW training.

For these reasms, it would have been difficult to canduct the same research
in the aotext of the aryent howrly-based Army Aviatio syllaass. If fuhre trainirg
prograns are developed which rely heavily upm the use of similation, they will
This will require major change and readjustment of an orcgnizaticnal culture
kased o the rotian of the flidht training class, daily training hows, ad daily
flight grades. Programs will have to be developed that center arourd the use of
similation, and more dojective criteria for performence adopted.

Stewart, Dohme, and Nullmeyer, (1999), ina reviewcf the Army IERW training
program, concluded that flight grades and checkride socores are unsatisfactory
criteria for assessing SP or program performence. In the TERW course, the daily
training grace is a letter (&, B, C, cr U) while put-up and checkride soores are
muerically based on a 100-pt scale, with a minimum passing score of 70. The
model caily flidgt grade isaB. If an A ar C is given, the TP nust justify the grade
in writing. Thus, the grade B is parsinonicus with regard to the IP's time; there
is little ingentive to give more or less. For these reasans, past research efforts
have shown that there is too little vardance in these institutianal performence
measures, to meke them effective criterion measures or predictors of future
performence. Bale, Rickus, arnd Anbler (1973) followed up Naval aviators after
graduation fram flight training. They foud that grades in flight school did not
predict later gperatianal performence. They aoncluded that training grades did
ot assess all of the mission-ariatted aviatar skills critical to determining success
ntre field.
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This mekes the evaluation of new instructianal systems and strategies moot,
in thet effective institutriael badmerk criteria do ot exist. Likewise, the training
performance measurement technology has consistently lagged behind the rapid
evolution of training device tedhmology (Salas, Bowers, & Rhodenizer, 1998). A
state-of-the-art similator ‘sef fectiveness will ramain a mystery, as lagas it is
employed in a lockstep training program, employing the same outdated
instituriasl criteria to assess perfamence. Inbrief, new similatars are frequatly
integrated into old training programs. Similation tedrnology has been evolving
at a rapid pace; it is now time for the training tedrology to adapt to meet these
dallerges.
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Abstract

As Technically Advanced Aircraft (TAA) become more prevalent,
pilot tasks in turn become more automated. Examples are the
Cirrus and Diamond aircraft that feature glass cockpits, advanced
autopilots, and very inclusive databases. As pilot tasks become
more automated, more attention has been given to Aeronautical
Decision Making (ADM), since good judgment appears to be even
more strongly related to use of advanced systems. Much attention
is now being paid to “scenario training” which is said to be more
realistic and to foster better ADM. However, there is a great deal of
discussion of what a “scenario” should contain and what are the
convictions about training it should reflect.

This survey investigated sore background information comected with the
develgoment of scenario training models, which more strongly address ADM,
pertiaularly the Federal Avistion Administration (FAA) Industry Training Standards
(FTIS) . Tret is, are there individuals whose methods more strongly address
M row giving flight instruction? If so, what are their attitudes and methods
camected with this task?

Requests for reprints should be sent to Kay Chisholm, FAA Academy,AMA-530,
P.O. Box 25082, Cklahoma City, OK 73125. E-meil to kay.chisholmefaa.gov.
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This study surveyed extrenely experienced flight instructors (from 3000 to
16,000 hours of dual given) to identify arty informetion, training methods, or
practices, which are over and above the FAA requirements or perhaps even in
vidlation of FAA requirenents. Extensive interviews elicited the attitudes which
motivated their training methods and which illuminated their day-to-day
interactians with flidht sodats.

Tre findings indicated that hich levels of experience in flight training ey in
excess of 10,000 hours of dual given) usually result in a straong move away from
maneuver-based training as mandated by the FAA and a strong move toward
somario-based training. In fact, it may be said that the subjects of this study
are anoyg the original soenario-based instructors. This is reflected in the
performance and safety records of their former students and provides new
infomerio to assist the arrent matiawl discussion of wat foms flidt training
shauld take in the funre.

Intradoction

Scerario training is a recent catdward. It is associated with the FAA Tdisstry
Training Standards (FTTS) program as well as transitio training for professiamal
pilots who are entering the world of Part 121. This led the researcher to wander
if there was aryare in the industry who had a history of soenario training.

Tre vast nmejarity of flight instructars identified in this study are yorg paple
wo regard instruction as an hour of irdentired servitude. Most of these youngsters
have between 300 and 1000 total hours, of which a large proportion has been
spent in light trainers in dual instruction. Those wo work full tine for Part 141
schools have a nore predictable experience, in that they have a certain measure
of jdo seaurity ard a predictable, if smll, incare. M the other hard, they are
also the most scrutinized and regimented. Since the chief instructor in such
schools is required to personally ascertain thet anything to which the instructars
are signing off really ocarred ard the specifics of the agoroved arriadum, Part
141 instructors are not encouraged to imovate — quite the goposite, in fact.
Most of them lack the experience to know what to change in any event. In this
regprd, they are nore like agporentices than indentured servants, in that they do
receive sare degree of supervision and feedback on their performances from a
chief pilot, who is presumebly a master .

Part 61 flight training programs, an the other hard, are much more reflective
of an honor system. Instructors come from many backgrounds, sometimes
working for personal enjoyment as much as pay.The general survey commected
with this interview study indicated that most are part-time enployees or sub-
axtractaors who show up at odd hours and meke use of whatever training facilities
the fixed-baese operator (FBO) or school offers. There is often not much
supervision. In the erd, the instructar signs off an the stident’ s ability to perfam
the maneuvers ard pass the oral exam, and the student either passes or not.
Nearly all of the “old prog” are fourd here, flying an sury days at cornty airvports

International Journal of Applied Aviation Studies



or in the evenings with instrument students. Our survey showed that, thouch
these individuals are enpowered to train students for the camercial and certified
fligt instmuctar (FI) license, in four states the grest mejarity of their time is
Spent in private ard instrument work. These Part 61 schools, with their entire
cadre of instructars, fraom youg to old, tum ot the great nejarity of pilcts in the
U.S. who are not industry bound. That is to say, their rabamral custarer is the
person who wishes to own and operate a personal plane.

If there is any latitide far highly experienced instructars wofficially to modify
the training systeam to better reflect the reality of solitary, cross-cortry flying in
mery weathers, it is in the Part 61 programs. Yet, they are certainly noc
encouraged to do so. The FAA, for dovicus reasans, wents a uniform training
process that can be evaluated for rigor and where candidates can be tested in
concrete terms. However, it mey be possible that experienced instructors do
add, modify, or camplement the FAA merdated training process for reasans of
their omn. To fird ot to wet extat this is true, this study irvestigated the
practices of very experienced flight instructars.

The General Research Question

The general research question was:

How much variance is there in instructiaon in Part 61 schools? Do experienced
flight instructors, who have had many students and much time to reflect an the
training process, modify, add to, or camplenent the training process mendated
by the FAA? If so, how? To what degree? In addition, to what extent do they
encege in instructiaml practices that are discouraged or forbidden by the FAA?

Subjects

Subjects were identified by aold calling FROs and Part 61 flight sdhools ina
far state area (Tennessee, West Virgiria, Virginia, and North Garolira) . These
were identified through the states’ aviation bureaus. These contiguous states
were selected because they boast many, vigorously cperated FBOs and Part
61 flight schools, more so than a runber of other areas of the U.S. Every airport
not in airspace classified as C or B in each state was oantacted.

FBO ard school menagers were asked if they employed flight instructors
who had in excess of 3000 hours of dual instruction given. These individuals
were omtacted and asked to participate in a telephone interview study.
Permissions that reflected informed consent were dotained prior to interviews.

Methodology

Subjects respaded to a general set of interview questions. The intent was to
influence subjects to share their reflectians aoout flight instruction ard to reveal
arny non-standard practices they might enploy. Eliciting questians were erployed
in an attenpt to kesp subjects talking and verbalizing the life lessms they have
learmed in mery hours of dual instruction given (Spradley, 1979) . Interviews were
subjected to an item analysis to identify conmon themes and sumarize those
themes. To the extent the data warranted, aaxclusians in reference to the aulture
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of flight instructiom as it relates to expert performence were drawn (Cortazzi,
1993) . This is a mabralistic stdy, using qualitative data analysis. No claim is
mece for traditiasl extenral validity, o are the sibjects’ experiences represented
as exanplifying a greater whole. The small runber of subjects indicated that
they are a minority sub-set of instruction in general, ard their views presented
as a means to gain insight into ane view of how instruction should proceed.

The General Question Asked Was: What Do Yau As A CFI Do
That Is Over And Above The Minimum Required By The FAA?

The interviewer then contimed to ask prdoing questions to illuminate the
ogereral question.

Subjects

A total of 266 airports were ocontacted. Each aotact person was asked if
flight training was canducted an the field. When answers were affimmative, the
researcher introduced himself, briefly explained his purpose, and asked if any
instructors wo fit the parameters worked at the field. Twenty-six suitable
individuals were identified. Fourteen participated; two declined for unspecified
reasns; ard two accused the researcher of engaging in an FAA inspired stirg
geeratim to entrap them. The ramaining eight were irvolved in either corporate
or Part 135 flying and did not amsider themselves aurrent instructors. These
were the anly irdividials wo met the dual-instructian-given criterion ait of several
hndred instructors surveyed fram all the FBOs ard Part 61 flight schools in the
four states. This anfivred the notim stated earlier that most flight instructors
terd to ke yourg ard relatively low in total time.

The basic criterion for selection was having given nmore than 3000 hours of
dual instruction. This rmumber was selected because it tends to eliminate most
instructors wo are airline ar corporate bord. Instructing, as previocusly stared,
acts as an wofficial gporenticeship for mary necghytes who hope to fly turbine
airplares for a living. Most of these instructors have about 250 hours total time
when they begin instructing and go an to higher paying jdos before acoumilating
less than 2000 hours of dual instruction given. Those ramaining in the jdb terd
to be instructors who might spend thousands of hours instructing. When asked,
most of those in this study indicated that they instruct part-tine for the pleasure
of it, ad a few others instruct as part of their dities as aivport ar FBO nerecers,
Part 135 pilots, or mechanics.

The average age was 42 and the hourly experiences are listed in Tablel. Tt
might be added that all ut ae of them have flomn miltiple types of sirgle, twin,
ad awell turbire aircraft. All of them were milti-engine instrurent instructors,
the most aorplex sort of instructor rating. Nane of these instructors has ever
hed a cardidare for a private license fail the first dhedadde. All of tham were,
therefare, either Gold Seal ar eligible to ke Gold Seal instructars, in thet they
exceeded the requirenent that 80% of carndidates pass the fivst ride. Only three
of them actually held the Gold Seal, however . The others were indif farat toit as
an honor ard had rnever applied for the distinction.
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Teble 1
Instructors’ Hourly Experiences

Instructor Total Time Dual Given
1 18,000 9,000
2 3,200 3,000
3 3,700 3,000
4 6,000 4,000
5 20,000 5,000
6 17,000 16,000
7 25,000 5,000
8 12,000 8,000
9 3,200 3,000

10 3,200 3,000
11 4,000 3,200
12 25,000 3,000
13 3,700 3,000
14 10,000 8,000

As may be seen from the above table, the subjects ranged from 3,200 hours
total time to 25,000. Instruction time ranged fram 3000 to 16,000. Another factor
held in comon was that none of them admitted to being airline or corporate
turbine bourd for enployment. While this is not to say that it could never hagpen,
e of than saw “the industry” as a career path. All of tham saw flidt instrnuction
as a desirable activity in and of itself, not as a stegoing stae to arcther, nore
attractive cutaare.

Findings

There was no attempt to conduct a quantitative analysis and runbers were
employed for comparison only. However, a qualitative examination proved
Irstmutive. A sinple item analysis of these interviews revealed fifteen areas that
reourred in interviews.

Characterizations. A few characterizations that subsure all fourteen
interviewees were mede.

1. Nae of these irdividials gave much thought to the dedadde. All expressed
cancerm repeatedly about safety. Only ane of these men had ever lost a student
or a former student to an accident. That exception was a student who directly
disdeeyed the instructor and violated a rumber of Federal Aviation Regulatians
(F2Rs) in the process. The enphasis was an being a proficient pilot, not mesting
minimums, or passing checkrides. Acceptable to these instructors was
universally defined as safety and good decision-nmeking. All bt ae required full
stop landings an grass strips, usually following a similated engine failure. As
ae camented, “How can you expect a student to fly to save his life if he can’t
lard short ard slow in a real comfield? I land’em an grass up hill and down. And
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over the trees.” All the instructors used rearring failure sosarios as a part of
training. They failed avianics, instruments, systems, circuit breskers, ard
tharselves. e instructor said, “In all these years, I've seen about every
arergacy there is. T teach’anall.”

2. All were cotenptuous of pilots who could not aontrol an airplane to near
the edoe of the flight ewelaee. Every instructor taught full stalls ard slowflight
well beyond the FAA requirements. All but ae allowed students to do at least
ae-half tum into a spin via full stalls in stesply kbanked flight and recover (AL
required students to lard within the first 500 feet of the airstrip and all but two
required students to be fully carpetent an short or rough fields. During the
interviews, the instructars repeatedly reported failing active pilocts an Flight
Reviews ard their disdain for pilots who were fearful of what the plarne could do.
As ae said, “If you can't drive the airplare to the edge ard aotrol it, how can
you meke it do what you want? If you can't, you are a snap-spin accident
waiting to happen ‘cause you don’t know what you can do and what you can’t.”
Other examples included slowing the plane down to less than 55 nph and doing
full amntrol deflectians ard doing repeated desp stalls followed by full rudder
deflectio into a spin with recovery after ae-half tim. All bt ae did full stalls
from steep bank argles into half turm spins, both power an and off. These
instructors did these meneuvers with their students repeatedly until each student
mastered them.

3. All were uwilling to limit training scenarios arnd exercises arny nmore than
absolutely necessary . They drowe plares to full stall, into spins, to full st
landings on grass strips when practicing emergencies, and flew their students
into actiel TFR (instrumat: flight nules). They flew in crosswinds and haze. As
ae said, “If my student can’t hardle the full demmstrated crosswind canponent,
what do T say to him when he wants to core aut here ard rent my airplane? It's
too windy?” Ancther said, “We get haze here that gives us less then three miles
ard 1o horizan an days when there isn’t a cloud in the sky. I can’t have sodats
who can’t handle actual TFR.” One said, “How the ... are you supposed to leam
sarething from an engine cut sim that terminates 500 feet above the ground,
like the FAA says? I meke’em land!”

4. These men included their students into their flying lives. They mede
repeated reference to taking students an Part 135 trips, waiting for students to
e available before fixing sore prdolem an the plane, ard giving free time an the
groard to talk about decision-meking, growth as a pilot, and persaal prdolars.
Qe said, “I give students a 1ot of my free tine. T do infomel saminars with than;
there has to be time to talk aoaut this stuff. They all have prdolars that have to
e delved into, and they answer each other’s questions and cheer each other
wp. I meke them try and uderstard the airplane, what it will do. I let themhelp
me fix the planes; saretines I put a repair off until a student can ke here. We
talk a lot about how to fly autside the regular ervelope, what to do when things
et hairy . You know, a lot of instructors have never even flown more then two or
three types of airplane. Wat can they fird to talk about?”
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5 All the instructors required amnsiderably nore than the mininmum in cross-
contry training. This skill subsumes a runber of sub-skills and requires
axsiderable integration. It is not anly possible, but also comm to receive a
private license with less than 10 hours solo cross-country experience, but nott
you are the student of ae of the subject instructors. Moreover, all the indmuctars
required considerably more than the required three hours of flying in IMC
(instrument metecrolagical caditians) . Eleven aut of faurteen instructars required
flying in actial TFR caditians an route. A number of them commented on how
eagy it is to defeat a “hood’ ad an whet a shock it can be the fivst time a pilct
encoaters a real clod. Several instructors required slow flight, stesp tums,
stalls, and extrare uusual attitudes, including full stalls from stesp kerks
while wearing a vision-limiting device. Sare of this exoeeds even the standards
for TR rating. Tt was represanted as survival training repeatedly in interviews.

Categories that Characterize the Masters Group . Eidght categories emerged
fram the data amalysis that characterized the highest time group and were poorly
represented in the group that had less then 5000 hours dual instruction given.

1. Hwmhasis on stable approaches. Higher timers placed considerable
value o the ability to fly the pattem and canduct stable aporcaches in ary
axditions. They required the ability to agoe with tirhulence, crosswinds, rumway
lergth, dostructians, or up or down slape. The lower timers, by contrast, tended
ot to require extanded practice in uwstal caditians, doing most of the training
in caditions that were more docile arnd without added stress to the student. It
was sensed from the comments of the lower time instructors that they had a
greater reluctance to offend or discorage students by going to the limits, which
the more experienced instructors did not share. The lower tiners were sovewhat
more concerned about student retention, while the higher timers were more
coermed with student survival in situations, which they considered more
inevitable than the joumeymen.

2. Tre high-timers were vehanrent in reference to dead reckaning ard pilotace.
They had no faith in avionics ard assured their students how much they would
need dhart ard stopwatch skills in the future. ne said, “I had two Students in
tte Aztec and the altemator and the whole board died coming back from
Charlestaon. T had the stopwatch ruming, and I knew the winds and I let down
slap over the airport. I didn't have so much tradble cawincing the students after
word got arourd.” Another said, “Everybody has a GPS and I do too but what
happens when the thing breaks? Aditwill. You need to find your way home
with a dart and your brains.” Yet ancther said, “I tum of £ the GBS to start with.
Then T fail the VOR ard the 2ADF ane at a time. I meke them use pilotage and I
meke them read water towers if that is what it takes. I do’'t went them to ever
nnait of thirgs to try A distrust of avianics in these coments was not sensed,
but more a distrust of things going as plamed in general .

3. The hich-timers believed in slowflight skills that far exoeed anything a
cardidate is likely to encomter on a checkride. Students were conmonly
expected to slow down to the very edge of amtrollability and then execute any
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anbination of clinbs, descents, ard tums, particularly stesp tums. This is
seen as the uwderlying skill necessary for stable approaches, emergency
landings, short field landings, pertial power situatians, ard a runber of other
soenarios. One said, “A lot of students get hirt an rejected landings and go
aroads. “

4. The high-timers emphasized emergency training and emergency mental
preparedness more than the lower time instructors. They assured that flying
would include aevergencies of varicus types, electrical, weather, fire, partial power,
ard others that are not addressed by the Practical Test Standards (PIS). As a
result, they trained for these arergencies nore than for the traditioal engine
at at altitude ar in the pattem, thouh they trained for those extensively as well.
This was seen by the high-timers as equally a mental process as much as a set
of procedures. One said, “Hrergency procedures are a good example. I teach
this very dif ferently from how the FAA wants. We do 1.5 hours in the classroom
for every twenty minutes in the plane. We have three sessians like that minimum,
maybe more depending on the student.... The greatest gift I give a student is
emergency procedures.”

5. The high-timers included spin training. Eight sinply trained spins the
traditiaal way for entry ard recovery ard then used that as the basis for recovery
from wnintenticnal spins from approach tums, stesp turms, partial power
Ggpartires, ard the like. ZAnother two skated an the edge of the FAA requirvements
by allowing spin entry and recovery at half a tum predicated an the notion that
this constitutes “spin awareness.” Most instructors made clear their
disillusiament with “spin awereness” as it is promilgated by the FAA. One
FBO operator and high-time CFI said, “I ask you.. how can a person do cne
tum left ard ae tum right ard get tobe a (FI. You can’t teach spin awareness
about sarething you can’t do yourself. I make applicants here show me three
tums with a precision recovery befare T will hire them.” Another said, “We spin
them all.I spin everybody and meke them recover until they are comfortable
about getting it back. Then we do spin awareness. There is no point in doing
Spin awareness util they can gpin and aren’t terrified.”

6. As an outaonre of sare of the above factors, (stable approaches, good
slowflight skills, grass field skills, and good evergency procedires) all the high-
timers required students to become conpetent at short ruways. They were
antenptucus of pilots wo were afraid of or prahibited from landing an a short,
paved, public use airport as is comon in Part 141 programs. They saw the
ability to lard slow ard short as a kesic skdll of flying. Qe said, “The local 141
school wan't oo into little airports. Their studants aren’t even allowed to lard
here... We see people all the time who bounce and porpoise because they
w' t slow down. People are afraid of the flare... Yauhave to arrive at the rigt
speed or you can'’ t get down an this airport.”

7. The high-timers enphasized weather flying. They required many more

weather briefings to ke dotained by the students than are strictly required, ard
they flew the students into all kirds of weather, TFR, haze, wind, tudaulence, and
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SO an as often as possible. One said, “We set them a scenario of a snake bite
victim who will die if they dn't go in for rescue. We meke tham go into merginal
weather and meke the decisions necessary. Saretines, the right decision is
ultimetely mission failure. We teach thet the first life you save is yourr own,
mission notwithstanding.” And again...”We don’t went students who have less
than a lot of hours to feel canfortable about the weather . We meke them fly in
lad weather with an instructor, the nore merginal the better. We want them to
resgpect the weather and know when to be actually afraid.”

8. The high-timers addressed decision-making and airmenship as the two
st ardtdcal Sdlls in flyirg. All of them addressed decision-meking and situatiamal
awareness directly and often in a variety of ways, from emergency plarmming, to
weather, towereer it led. An instructor said, ‘We meke decision meking part
of everything. n the first supervised cross-coatry, we pretend I have a kidney
stane ard I meke them divert to the closest and actually lard there. They have
to fird it a a dhert ard naviggte there ard figure out how to lard ard talk an the
radio ard the wole thing. I dn't say a ward. I'msick, lala.” Another said, “We
teach them that they will ke alone! I save and hard out articles about pecple
who made the wrong decision and flew into something they couldn’t handle. I
wat or studats to realize thet this [flying] isn't really darngerous bt thet it
kills those who dn't think. We build judgrent from the git go.”

Categories that Characterize Instructors with Less than 5000 Hours Dual
Given. Tre two categories that represent this instructor sub-set are ardous.

1 These instructors generally have a much higher aporoval of the FAA. An
instructor with 3000 hours dual given said, “I get alayg with the FAA. The guy
who inspects us does a good jdo and seans to know his stuff. I think pecple get
intinmidated.” More experienced instructars did rot share this belief. In fact, there
wes a strag necative correlation between flight time ard trust of the FAA. Most
of the higher tine pilats exaressad lack of faith with the activities of the FAA with
which they were familiar.

2. Instructars with less then 5000 hours dual given felt stragly that studats
need first hard, supervised experience with classified airspace, particularly
Classes C and B. While this requirement of the PIS was addressed by all the
instructors, aly the lower timers devoted extra instructio to this task. They
perceived greater dangers in operating in crowed airspace than did the high-
timers and expressed a aonoem that their students would violate the regulations
ar cet hirt if this issie was not given extra attention.

Conclusions

Part 141 ard large corporate-driven Part 61 programs terd to be staffed by
corparative youngsters and to be somewhat PIS- and checkride-oriented. In
ggeral, these schools are aarparatively large, amoemed with student retention,

ard terd to hire their omn graduates as instructors. There can be a strag flavor
of “teaching to the test.” However, if these forteen experienced instructors were
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any indication, by the time a CFI reaches 3000 hours of dual given, he or she
ey becare aonsiderably more self-directed than less experienced comnterparts.

There is sore disagreement about how many hours naticnally the average
private student has accumilated when he or she takes the checkride, ut it is
praoebly about 50. (NOIE: On inguiry the neither the Aircraft Owners and Pilots
Association (AOPA) ror the FAA could state a rumber based an data. The
general inpression stated by persamel in both organizations was about 50) .
The instructors in this inquiry averaged 61. A number of them commented that
they could not in good aonscience sign off a student with less. The figure of 61
was determined by each instructor examining and averaging the mmber of hours
of their past several students. Then the fourteen respanses were averaged.

Tt appeared that experience with both flying in general, ard instruction in
pertiailar, leads CFIs to begin an an-going period of expansion of the minimm
necessary to sign off a student to test for the credential. Tt also apgpeared that
these instructors were in substantial disagreement with the FAA as to wat the
minimum set of sub-skills and skills ought to be. Their solutions have been
quietly to inchicke a variety of additiasl dkdlls ad sidb-skills inwet they persaally
required. Sore of these dovicusly are desirable as examples of going above
and beyond. Others were discouraged by the FAA or even prchibited. These
included the considerably more intense emergency training, the grass strip
training, the more realistic cross-comntry training, the spin experience, the much
more extensive stall ard slowflight experience, the merginal weather experience,
the TFR experience, the fairly extrame uwisual attitude recoveries, ad the much
more realistic training in reference to landing in crosswirds, an short fields, ad
in tirodlence.

In geeral, all the differences between the subjects of this study and their
less experienced colleagues appeared able to be subsumed by what might be
called “ealistic training, ” which lately has care to be called “scenario training.”
For these very experienced ard anfident instructars, if a part of training is tobe
useful, it must be highly goplicable to the reality of single pilct perfamence.
Moreover, these instructors mede the integration of individiel sub-skills into
orrall gdlls a chily part of lesrmnirg to fly. Tt would ke easy to infer thet they are
the origimal “scenario” instructors ard that they quietly have perceived arnd had
the impetus to implament what is anly now becoming popular in the industry at
larce.

The initial set of general questions comected with this study asked what
changes (if any) were made and to what extent. The last question addressed
how the instructor “got away with it.” In answer, it appeared that the more dual
instruction time these CFIs had, they more they tended to avoid the FAA. This
was acoonplished sinply by becoming as invisible as possible. Most of the
masters did not attend the FAA sponsored safety seminars and the like, and
they did nothing else to attract attention to themselves. Nane of them reported
arty aontact with the FAA at all exospt via (FI renewals, Part 135 inspectians,
and other unavoidable occasions. However, they reported cpmmering credibility
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with the FAA by their students having a 100% passage rate on first checkrides.
In the end, a CFT with five or ten thousand hours of dual given quietly spitming
the studats in the vicinity of an desare coatty airport is unlikely to attract the
FAA's attention or aryae else’ s, unless soreone conplains. Considering the
level of persael attatio thet the studatts of these instructars gooeratly receive,
the 1likelihood of sareane carplaining is diminished.

In 2000, there were 672 fatalities among GA pilots (ROPA Air Safety
Foudatian, 2001) . Given the nomel turmover in typical flight training, these
fatalities praoebly were the students and former students of more than 1500
instructars. This rinber of fatalities is about the nom for the last six or seven
years. Therefare, in the last six years, aoout 9,000 instructars have lost a studat
ar former student. The instructors in this study of fartesn individuals represent
a total of 76,200 houars of dual given. Qut of these, ae student or former student
has been lost in a twenty-five year period to accident ard this individuel divectly
disdoeyed the instructians of his instructor to stay an the grord. This hardly
reoresatts a nnerical amslysis, it it does give a flavar far the quality of training
that the students of these instructors receive.

Overall Conclusions

Aty aarplicated system is a result of people’ s intentians ard histary . While
the purpose of this paper was hardly to review the histary of flight instructian, it
is necessary to cite a few influaes. Tre intention of flight instruction, of corse,
is to provide a patlmway for interested people to becore aarpetent, safe pilots.
The autaare to this time in the U.S. has been very favorable. Tre airline industry
is being provided with a steady stream of accsptable necghytes, primerily via
the Part 141 system, and Part 61 training for everybody else has been comonly
available. Taken over a period of decades, it appears that considerable
inprovements have been made in safety. For instance, between 1974 and 1999,
G A fatalities per 100,000 hours declined by more than 50% (2OPA Air Safety
Foudatian, 2001) . The present system, whatever its merits and warts, produces

a set of outcores to which we have becare accustomed and regard as reality.

Whether the rate of fatalities ard the dropout rate for begiming students are
actually acoeptable is a subject for another paper .

However, if ae axsiders anly single ar light twin engine, persaally cwned
ad flomn aircraft, the figures are less encoureging. In the glory days of sirgle
engine production (the early 1960s), Cessna alane produced over 3000 airplanes
a year, ad the nmost aarplex aircraft they produced was the piston twin 310. Tn
2001, Cessna’s total single engine production was 244. In the same year, Beech
produced 12 singles. Piper produced 34. In other words, the mmber of single
engine aircraft leaving the system each year — 1050 crashes alane - due to
accident, wear-out, and other reasons exceeds the rumber entering by several
multiples (ROPAAir Safety Foundatian, 2001) . The slack is taken up by turbine
airplanes, few of which are personally owned. These turbines are flown by
professiaal pilots, for the most part, and meintained to airline starndards; yet,
these aircraft are classified as “gaeral aviation.” Tt is hardly surisirg; therefare,
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that overall GA safety is improving, when professionally flown and meintained
turbine aircraft increasingly dharacterize what is called “GEA.” The anfirmerion
for this view comes fram the Nall Report (2OPA Air Safety Foadation, 2001) . It
indicates that while sirgle engine, pistm, persaally geerated flights acoounted
for less than 12% (source, NBRA) of the flights, they accomted for 67% of the
@A accidents. In other words, while GA safety has marked steadily improving
safety figues, it carct be said definitively that persawl flying is any less
Gerngercus then it has ever been. In short, flying single ard light twin engire,
persanlly omed ard goerated aircraft still carvies significant risks, despite
inproved technology, airspace, ard aviaiics.

Many are pinning new hopes on improved technology, pertiailarly “glass
cockpits,” to change this. However, the history of tedmological change does
ot reflect this view . The invention of IFR instruments in the 1920s and 30s, for
exanple, did not lead to improved safety, rather the ggoosite as the flidits
attenpted becane nore aoplex. In fact, better tedrology for light aircraft has
usually resulted in more conplex and risky missions. What seems to be
indicated is the need for a new way to train pilcts, ae that better prepares them
for the carplexities of modem airgpace and cross-coutry flight than the
“maneuvers” based system, which we inherited, from the Army Air Corps of the
late 1930s.

One new means to conduct training is the so-called “scenario-based”
curriculum now being tested at a runber of wniversities, including Briory Riddle
Pervanautical Uhiversity, the University of North Dekota, and Middle Tennessee
State University. nadditio, the FAA is camitting resources to scerario-based
training as a part of the FTTS program, which is reflected to sore degree in
newly released IFR Practical Test Standards. It will ke interesting to see to wst
extent a more moderm and learmer-centered syllabus, curriculum, saope, and
sequence will result in improvements to single pilot performence ard safety
will be even nmore interesting to see to what extent the “new, inmproved” natiawl
training system will resenble the system that has been in use for many years
by these high-time instructors at dosaure, conty airports.
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Abstract

Maintenance errors are known to be a key cause of aviation mis-
haps and the search for their causes is now given high priority in

the aviation industry. In parallel with the search for causes, research
efforts are focusing also on the ways in which various background
factors link together to influence safety outcomes. The present study
set out to validate a structural model wherein psychological strain

is depicted as a major contributor to maintenance errors through

the direct influence of strain on maintenance errors and also via its
role as a mediator of the effects of safety climate on errors. The

Maintenance Environment Survey (MES) was administered to 150
personnel responsible for maintenance of a large military helicop-
ter fleet (Fogarty, 2004). Structural equation modelling then was

used to test the fit of the mediation model. The findings supported
claims that the effect of safety climate on errors is at least partially
mediated by individual level factors, such as psychological strain.

In our efforts to secure better safety outcomes, we therefore should
maintain a dual focus on organisational and individual level vari-
ables. Regular administration of safety climate and psychological

health surveys can help to achieve this aim.

Tntrodaction

The growing literature an safety climate ard the proliferation of instrurents
designed to measure safety climate (Wiegmarm, von Thaden, Mitchell, Sharma,
& Zhang, 2003) pointed to the importance of orgenisaticnal variables as
background causes of error.The various error taxanomies used throughout the
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aviation industry (Shappell & Wiegmarm, 1997) emphasised the role of
orgenisatiael as well as individual variables. From a more general perspective,
following Reason’ s (1990) seminal publication on the bases of humen error,
descriptive models of accident causation suggested that individuals err because
of latent orgenisational pathogens that create conditions wherein humren
weaknesses are exposed unecessarily. Within the antext of humen exvor, tis
now generally acknowledged that it is the interaction of orgenisatical and
individel verisbles that lesd to errar.

Having reached this point, researchers must tum their attention to teasing
autt the mature of this interaction. Struchural equation modelling (SBM), a tedmiqe
that aorbines factor aralysis with regression amalysis, is well-suited to this
purpose because of its ability to acoommodate both organisaticnal climate and
individual differences approaches. The present study enployed SEM to cross-
validate a structural model that depicts orgenisatiaml factors as inpacting an
psychological health, which in tum impacts on meintenance errors (Fogarty,
2004) . Tre ratianle for the model is spelled aut in the earlier piblication. Wet
follows, is a brief sumeary of the relevant literatire ard a description of the
parts of the model that are to ke tested in the present study .

Most safety clinate studies have relied an regression tedmiques and bivariate
correlatians to dammstrate the exdistence of a relatianship between safety climate
ard safety performence without attenpting to explain the bases of the doserved
correlatians. However, a gamll grop of studies autsicde the aviation dorain have
used path analysis or SEM to address this issue. Two of these studies are of
perticular interest in the aotext of the presat validation study . nthe first of
these, Toméas, Melia, and Oliver (1999) enployed path analysis to examine the
effect of safety climate an accidents. Cmtrary to their expectations, safety
climate did not have a direct effect an workers’ safety behaviour. Tnstesd,
arcpnisatianl variables influenced group processes (supervisors’ ard co-workers’
safety response), “which in tum influenced workers’ safety attitudes and
behaviouars, usually reported as the ‘main’ divect cause of accidents” (p.57).

In a secad study, Qliver, Cheyne, Toméds, and Cox (2002) collected data
fram a wide range of industrial sectors in the Valencia region of Spain, using
structured interviews and enployed SEM to test models depicting the influence
of arggnisatiarl ad individuel variables an accidants. They ford that individual
level variables, including safe behaviar ard gereral health, mediated the indivect
e fects of the arganisatianl variables. Stress, in partiaular, was an important
mediator of both orgenisatianl and eviramental variables.

Working within an aviation meintensnce oontext, Fogarty (2004) fourd sugport
for a structural model that showed organisatianal factors influencing individual
factors such as psychological health and norale, which in tum had an inpact
a1 self-reported workplace errors and jdb tumover intentians. Specifically,
organisatianal factors accomted for 67% of the variance in a aonstruct called
Morale and 44% of the variance in a amstruct called (psychological) Health.
Tre agpnisatiasl variables did not have a divect effect an Brrars ar Jo Tntetians,
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but they did have a significant irdirect effect through Morale and Health. Morale,
Fatigue, and Health, between them, accounted for 45% of self-reported
maintenance errors and 27% of turmover intentions. The Fogarty (2004) study
therefore supported the findings of these other researchers and demonstrated
the relevance of the findings to the aviation inmdustry . However, because the data
were cross-sectical in nature and drevn fram a single sanple, it is important
that the structural model developed by Fogarty be cross-validated. If it can be
establicshed that the primery influence of crcpnisatiawl varidbles is an the
psycdhological health of the individual worker, rather then an errars per se, ard if
it can ke establighed thet individal factars have a direct lirk with errars, thenwe
will have a better idea of the likely efficacy of interventians divected at differat
parts of the error dain. The primery purpose of the present study was to attenpt

To provice the full atext for the presat stidy, the Fogarty (2004) model is
reproduced. in Figure 1.

-

48 42
.24
\ Stress GHQ ‘

@ Safety Focus
27
.35

@ Feedback
.52

27

Turnover

45

Errors

.28

41

.54

Figure 1. Fogarty’'s (2004) model depicting interactions among Climete,
Morale, Health, Fatigue, Turmover, ad Errars
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For the purposes of the present study, the key parts of this model are those
linking Climete with Health ard Errors. Morale was included in the earlier study
as a predictor of tumover intentions ard it also mede a aorribution to the
prediction of maintenance errors. However, both morale ard timover intentians
were anitted in the present cross-validation study which was aonoermed primerily
with the anstruct of psydological strain ard its divect inpact an errors ard its
role as a mediator of the effects of safety clinete.

In thisnmodkel (see Figure 2 page 59) Recognition, Safety Focus, Supervisian,
Feedback, and Training were treated as aggregate variables (Grilkdoans & Hooevar,
1998) serving as reflective indicators of an underlying aonstruct labelled Safety
Climate (the sare amstruct labelled as Climate in the earlier study). Stress
and the General Health Questiomaire (GHQ) also were treated as aggregate
varidbles serving as reflective indicators of an uderlying aonstruct called
Bsydological Strain. Errors were trested as a sirgle indicator latent trait that
forms the main autcore in this study. In accordance with standard SEM practice
(J6reskog & Sorlam, 1989), the factor loading of the single indicator was set to
1.0 ad the resid Bl variane is set to (1-relidbility) *varianxe. Firelly, Psydwological
Strain is amosptualized as a varidble that entirvely mediates the influence of
Safety Climate an Errors.

A carpeting model with a direct link between Safety Climate and Errors was
also tested on the grouds that a significant divect patlmway would rule aut the
possibility of full mediation.

Method

Participants

A total of 150 meintenance enginesrs (146 neles) working at a mejor heliaopter
repeir base for the Australian Army responded to the survey, representirg a
respanse rate of over R2%. The survey was targeted primerily at trainees (36.7%),
tradespersans (33.3%) ard supervisors (30%) . The average ace of the respadents
was 30.5 years and most respondents (82.4%) had been working as a
meintenance engineer or a trainee engineer for at least ane year.
Materials

A slightly modified version of the Maintenance Ervirament Survey (Fogarty,
2004) was used to measure safety climate. Modifications consisted of an
additiael item for the Supervision scale, a reduction of three itars for the Training
Standards scale, ard an increase of nine items in the Error scale. The scales
are described below under the headings of the constructs for which they were
intended to act as markers. The Crabach alpgha intermal oonsistency reliability
estimates dotained fram the present study are reported for each scale.

A. Safety Climate (MES scales).

1. Recognition for doing good work (5 items) . This scale assessed the
extent to which pecple feel that they are rewarded and recognised for doing
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good work. Sanple item: In this jdb, people are rewarded according to
performance. Alga = .78.

2. Safety focus of the orgenisation (5 items). This scale assessed the
perosption that the orgenisation has a strang aoncem for safety issues. Sample
itam: This wnit regerds safety as a mejor factor in achieving its goals. Alpha =
2.

3. Supervision standards (7 itens) . The items in this scale focused an
the expertise of the supervisor ard the extent to which the supervisor assisted
the worker. Sanple item: My immediate supervisor really understands the
maintenance task. Alpha = .86.

4. Feedback on work performance (4 items). These items assessed
workers’ peragptions of the amount ard quality of feedoack they received. Sample
itam: The quality of aur work is rated or evaluated frequently .Alpha = .73.

5. Training standards ard appropriateness (5 itams) . The itans in this
scale covered a rumber of different aspects of training, including adequacy of
training far the jdo, encoragarent to udkertake further training, and ggoortinities
for an-the-jdb training. Sanple item: My training and experience have prepared
me well for the duties of my arrent jdbo. Alpgha = .62.

B. Psychological Strain (MES plus GHQ).

6. Exposure to workplace stressors (9 items) . The questions aarprising
this scale tapped the actual feelings and consequences of stress, rather than
background factors that might ke causing the strain. Sanple item: I get arxdous
when T work to strict deadlines. Alpha = .84.

7. Health. The abbreviated, 12-item form of the GH) (Goldeerg &
Williams, 1988) was used. The GHQ explores four aspects of psychological
health: samtic synptans; arxiety and insamia; social dysfunction; and severe
depression. High scores indicate poor psychological health. Alpha = .88.

C. Outcome Variable (MES).

8. Maintenance errors (13 iteams) . The revised MES included 13 questians
that asked the respondents to indicate whether they made maintenance errors
a the jdb. These included errors that they detected themselves and those
picked up by their supervisors. Sample item: I meke errors inmy jdbo from time
to time. Algha = .82.

All items, exoept for those irvolving the G ard the Positive and Negative
I fat (PANRS) scales, enployed a five-point (1-5) Likert scale format where 1
indicated strong agreement and 5 strong disagreements. High scores an all
Safety Climate variables were desirable whilst low scores were regarded as
desirable on Stress, GI, arnd Errors. [A oopy of the version of MES used in
this study can be found at http://www .usq.edu.au/users/fogarty/]

Procedure
The procedure was identical to that followed by Fogarty (2004) . The survey

was sponsored by Army Aviation Headquarters and survey forms were included
in the pay ervelopes of all maintenance persamel alag with a covering letter
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explaining the purposes of the survey.To ensure anonymity, self-addressed
evelopes were included so that the forms could be returmed directly to the
irnvestigator . At the carpletion of the study, feedback sessions on the main
findings of the study were caxducted by the investicator ard a research assistant.

Results

All scales, exogpot for Training, hed sarisfactory reliability estimates with
alpha estinetes above .70 Nurelly & Bemstein, 1994) . The low reliability of
the Training scale (.62) was not of aoxem given that it acted as just ae of five
markers for the Safety Climate cmstruct. It also could ke argued that the
companents of a training program are not necessarily correlated and should
therefore be treated as an index rather than a scale (see Diamentcpoulos &
W irklhofer, 2001) . SPSS (version 11.0.1), data amalysis software, was used to
calculate means, standard deviatians, ard scale intercorrelations. The results
are shomn in Table 1.

Teble 1
Summary Statistics and Correlations for MES Scales (N = 150)

Scale M SD Correlations

1 2 3 4 5 6 7

1. Recognition 2.90 52
2. Safety Focus 3.58 .60 25
3. Supervision 3.59 .61 32 .23
4. Feedback 2.99 48 46 .29 | 43
5. Training 3.07 .64 32129 | 36| .52
6. Stress 3.05 .59 -321-36 [-20 |-31 |-32
7. GHQ 1.94 46 -40 |-.30 |-21 |-.37 |-35].60
8. Errors 2.57 .57 -.05 |-27 |-.06 |-.09 |-.11 |.34 | .25

Note. Correlations above + .18 are significant at the .01 level

The bottaom row of Table 1 shows the correlatians of the Errors scale with all
other scales. Tt can be seen that the aily significant axrelatians irvolving Errars
were with Safety Focus, a Safety Climate marker, and the two Psychological
Strain variables, Stress and G). It also can be seen that the Safety Climate
variables were all correlated with both of the Psydolagical Strain merkers. These
findings supported those reported by Fogarty (2004) ard are in keeping with the
proposition that safety clinete acts primarily an the psydological health of the
individual workers and that psydological strain is a primery determinant of
meintenance errors. This proposition was tested in the next section by using
path aalysis.
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Maximm likelihood procedures from Versio 5.0 of the AMOS structural
equation modelling (SEM) package (Arbuckle, 2003) were employed to test the
hypothesized model of the relations among the MES variables. Because of the
unfavourable ratio of free parameters to cases, a partially aggregated model
(Gridoons & Hocevar, 1998) was used wherein subscales represented the various
first-order amstructs in the aonosptal model . Three fit indices are reported.
Tre first is the traditianrl ¢ goodhess of fit test where p values above .05 can be
taken to indicate good fit. One incremental fit index was used; the carparative
fit irdex (FI) Baitler, 1990), which is amsidered to ke reasaebly rdoust against
violatians of assurptions ard where a value aoove .95 was ansidered to indicate
satisfactory fit. The third index used was the root mean square error of
approximation (RMSEA) (Steiger, 1990), which indicates the mean discrepancy
between the doserved covariances ard those implied by the model per degree of
freedom, ard therefore has the advantage of being sensitive to model carplexdity.
A value of .05 or lower indicates a good fit ard values up to .08 irdicate an
acoepeable fit (Kline, 1998).

A test of the path model shown in Figure 2 yielded acosptable fit irdices with
c® (19, N=150) =23.29, p = .23; CFI = .98; RMSEA = .04. The model predicted
39% of the variance in Psychological Strain and 15% of the variance in FErrors.
All factor leadings and regression patlways were significant. A second model
with a patlway from Safety Climate to Ervors was also fitted. However, there
was 1o improvenent in model fit and the direct patlway was not significant.
Accordingly, the nmore parsimmious model is the preferred solution.

‘ Stress ‘ ‘ GHQ ‘

‘ Maintenance errors ‘

Figure 2. Model depicting interactions among Safety Climate, Psychological
Strain, ard Errors
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Discussion

The main aim of the present study wes to test Fogarty’s (2004) proposition
that the link between safety climate ard errors is mediated by psychological
health ard to anfimm the inportant role of psydological strain in partiailar as
being among the inmediate causes of maintenance errors. The study was
successful in these aims. The bivariate correlations revealed a significant
association between safety climete and psycdhological strain and a further
significant association between psychological strain and maintenance errors.
The path model established that the linkage between safety climate and errors
is a mediated ane.

These results replicated the Fogarty (2004) findings and supported claims
by researdhers working in other high-risk industries (Oliver et al., 2002; Tomas
et al., 1999) those arggnisatianl ad irdividel level varidbles carmot ke regarded
as having additive ef fects on safety performence. As other researchers have
asserted, merny errars result fram interacting causes irvolvirg gysical, cognitive,
social, ard arcenisatiael factars. To understard this interaction requires a model
of how the components of the system work together to influence cutcomes. The
model tested in the aurrent research program is conceptually driven ard already
validated an a military population (Fogerty, 2004) . Its cross-validation in the
present study suggested that we have a way of measuring and quantifying some
of the main sources of error.

The inplications of these findings were spelled cut in Fogarty (2004) but
again will be sumerised here. The demmstration of indirect links between
climate ard errors (via psycdholagical strain) suggests that the mere presence of
unfavourable perceptians of arcpnisatiael factors is not sufficient in itself to
lead to errors. Unfavourable orgenisaticnal canditians place pressure an the
begin to occur. Fram a menegement perspective, it is therefore inportant to
moitor both safety climate and individual health varidbles an a regular kesis to
ensure that there are no prablans of this kind developing. Studies such as the
present ae, therefore, led strang sugport to initiatives designed to measure
clinete ard individal health (e.g., Wiegmm et al., 2003; Civil Aviatdom Autthordty,
2003) . Such measures will be even more useful if benchmark comparisons within
and across organizations becore possible (Mearns, Whitaker, & Flin, 2001) .

Limitations and Future Research Directions

In closing, it is important to recognize the theoretical ard methodological
shortaomings of the approach followed in the original Fogarty (2004) study and,
hence, in the present validation study . Fram a theoretical point of view, it caid
e argued that the set of markers used for Safety Climate in the present study
was rot truly representative of the safety climate amstruct ard that a different
set of variables may defire a factar that is directly related to errars. The earlier
peper justified the selection of merker variables hut it is certainly true thet this
proposition needs to ke tested. The fact that Safety Focus was correlated with
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Errors in the present study (r=-.27, p < .01) is an indication that sare aspects
of climete may have a direct relationship with errors. In agoing research, we
are extending the error scale in an attenpt to capture the varicus dimensians of
this amstruct and to search for evidence of direct links between orognisatiaal
variables ard specific types of ervor.

A further limitation of the anrent research program was that it was anfined
to the military envirament. Maintenance engineers working in this setting face
sare challenges (e.g., damerds of military duties) that are not faced by those
working in comercial settings. The cawerse also holds true. It is also possible
that military settings imposed a unifamity of working caditians not ford in the
camercial envirament. If safety climate is reasonably uniform throughout an
orgenization such as Army Aviatiom, the casegquent restrictio in range will
have the effect of sugoressing carelatians with other vardables. The model therefare
nesds to be tested in dif ferent argenisatiaal settings. Agpinst this ardticiam, it
nust be noted that there was sufficient vardability in the safety climate axstruct
in both of these studies to ergble it to accont for a significant proportion of the
variance in psydological health.

Conclusion

There is still mxch work to be doe in identifying the amtributors to both
psycdhological health ard eryors. The restricted model tested in the present study
explained 15% of the variance in errors. The Fogarty (2004) study included
morale ard fatigue as additional predictors and sucoeeded in capturing 45% of
the variance in errors. The aim of the present study was to clarify the patlways
by which orgenisatianl and psydological varidbles cotribute to errors, rather
than to meximize the prediction, but we should not lose sight of the fact that
both aims are important. When the predictor space has been well defined using
these self-report measures of ervor, the dullenge will then ke to see if these
findings can be applied to real-life measures of error gathered in actual work
settirgs. A growing rumber of studies examining the relationship between
psydological variables such as stress ard actual accident data (e.g., Foogarty
& Shardlow, 2004; Hof fmarm & Stetzer, 1996; Zohar, 2000) suggested that this
will be the case ard that we already have a good platform for designing
interventians that will assist in errar redctio.
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Abstract

Human Factors Analysis and Classification System (HFACS) has
been used extensively to analyze accidents involved in military
and civil aviation in the USA over the past several years (e.g.
Shappell & Wiegmann 2001; 2003 & 2004, & Wiegmann & Shappell
1997, 2001a; 2001b; 2001c & 2003). However, with increasing
world-wide use of the framework there is now a need to examine
the reliability and applicability of the HFACS in different countries
and cultures. Hofstede (1984) identified four different dimensions
of culture, which may affect the social interactions of aircrew and
impact aviation safety. This research examined the applicability of
the HFACS framework for the analysis of accidents in a military,
collectivist, high power-distance culture, the Republic of China
(R.O.C.) Air Force. As a secondary objective, it also examined the
inter-rater reliability of the 18 categories of HFACS framework. A
total of 523 accidents occurring in the R.O.C. Air Force between
1978 and 2002 were analyzed. The inter-rater reliability, using
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Cohen’s Kappa, was between 0.440 and 0.826, which was indica-
tive of moderate agreement to substantial agreement (Landis &

Koch, 1977). Differences were observed between USA and R.O.C.

at the HFACS levels of orggnizatianal influence and unsafe super-
visimm. The findings of this research highlighted critical areas of
human factors in R.O.C. military aviation in need of further safety
initiatives, such as setting up stress management and confidential
counseling programs for military pilots, improving the attitude of
military pilots toward Crew Resource Management (CRM), improv-
ing the professional supervisory training for supervisors, and effec-
tive management of organizational resources for aviation opera-
tions.

Tntrodaction

To inprove flight safety, the Repolic of Ghima (R.0.C.) Air Force Headquarters
irvesticates the pattem of aviation mishaps amuelly . The findings have shown
thet the rate of military aviatio accidents attrilutable solely to medhenical failure
have decreased markedly in recent years, but the contribution of humen error
has declined at a much slower rate arnd ramins the primery cause of all
accidats. Trhe role of hinen errar in aircraft accidats is a tgpic of mxch scientific
debate. There are a runber of perspectives for describing and analyzing humen
errors, each based an different assunptions aoout their nature ard the underlying
causal factors of the himen aontribution in the sequence of events leading up to
an accident. For example, Dekker (2001) proposed that humen errors are
systematically aamected to features of ogperators’ tools ard tasks, arnd error
has its roots in the surrounding system: the question of humen or system failure
alae damnstrares an oversinplified belief in the roots of failure. The inportant
isste in a huen factors investigation is to understand why pilots’ actions mede
sense to them at the time the accident happened (Dekker, 2002) . Earlier work
by Feggetter (1991) similarly suggested that the role of psycdhologists who
irvesticate accidents is to aollect ard meke a detailed examination of the large
amounts of information associated with humen errors and to gain a complete
urnderstanding of the surrounding circumstances. By examining and correlating
information across a mumber of accidents, predictors may be identified which
mey then be goplied to individual crews or situations in order to developing the
effective prevention strategies. Many humen factors accident analysis
frameworks, taxonomies, and analysis strategies have been devised over the
years (e.g. Diehl, 1989; Feggetter, 1991; Harle; 1995; Hollnagel, 1998; Hinter &
Baker, 2000; NISB, 1983) . Beaubien & Baker (2002) reviewed several of these
frameworks and taxonomies. The Human Factors Aralysis and Classification
System (HFACS) developed by Wiegmarm & Shappell (2003) is becoming one
of the most comonly used and is the one used herein as a basis for the
arrent work.

In recant years, in accident investication scientific foous has shifted away
from psychomtor skill deficiencies and enphasis is now placed more upon

inadequacies in decision-meking, attitude, supervisory factors and arganizatiamal
adlture as the primery causal factors (Diehl, 1991; Jensen, 1997, & Klein, 2000) .
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Fram a more social psychological perspective, military aviation operations can
ke deracterisad as social interactias amag pilas, tactical air traffic aatrollers,
dispatchers, ground crew, maintenance staf f, and the mission’ s leader (rumoer
ae). BAs a result, Hmen Factors specialists have to deal with social factors,
including crew commication, teamwork, and orgenizaticnal culture as well as
psydological factors that affect the goerator’s performence, such as workload,
stress, vigilance, attentio, g-foroes, and axygen deprivation (Jensen, 1997) .

As suggested previously, perhaps the most widely reported humen factors
accident analysis framework is that developed by Wiegmarm and Shappell
(2001c) . HFACS is a generic humen errvor framework originally developed for US
military aviatio as a tool for the investigation ard aralysis of the hinen factars
aspects of accidents. HFACS is based on Reason’ s (1990) system-wide model
of himen error in which active failures are associated with the performence of
front-line gperators in aomplex systams ad latent failures are dharacterized as
inadequacies or misspecifications which might lie doment within a system for a
lag time ard are anly triggered when acorbined with other factors to breach the
system’s defenses. These latent failures are spawned in the upper menagement
levels of the organization and may ke related to merufacturing, regulation, and/
or other aspects of management. As Reason (1997) noted, complex systems
are designed, geerated, maintained, and menaged by humen beings, so it is not
surprising that himen decisions and actions are inplicated in all orgenizatiaal
accidents.

Reasn’ s model revolutianized the mermer in which the role of huen error in
aviation accidents was viewed but it did not provide a detailed method for the
analysis of aviation accidents and mishaps. However, Wiegmanm and Shappell
developed HFACS to fulfill sxhanesd. The development of HFACS is described
in a series of books and papers (e.g. Shappell & Wiegmarm 2001; 2003 & 2004;
& Wiegmann & Shappell 1997; 200la; 2001b; 2001lc & 2003). Wiegmamn &
Shappell (2001b) suggested that the HFACS framework bridges the gap between
theory ard practice by providing safety professiamals with a theoretically based
tool for identifying and classifying himen errors in aviation mishaps as the tool
focuses an both latent ard active failures ard their inter-relatianships, ard it
facilitates the identification of the uderlying causes of humen error. However,
as aviation accidents are the result of a mumber of causes, the dallenge for
accident investigators is how best to identify and mitigate the causal sequence
of events leading up to an accident.

HFACS examines humen exror in flight operatians at four levels. Each higher
legl of fects the next dowmerd level in HFACS framework (see figure 1).

- Ievel-1 Unsafe acts of operators : This lewel is where the mejarity of causes
of accidents are focused. Such causes can be classified into the two basic
categaries of errars ard violation.

- Ievel-2 Precaditions for unsafe acts: This level addresses the latat failures
within the causal sequence of evarts as well as more doviaus active failures.
Tt also describes the amtext of substandard canditions of gperators and
the substandard practices they adopt.
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-Ievel-3 Unsafe supervision: This level traces the causal dhain of events
producing unsafe acts up to the frant-line supervisors.

- Iewel-4 Organizational influences: This level encarpasses the most elusive
of these latent failures, fallible decisians of ugper levels of menagament,
which directly affect supervisory practices, as well as the conditians ard
actias of frat-lire qoeratars.

W iegmann and Shappell (200la) found HFACS categories such as
organizatianal process were irvolved in 8.4% of accidents in US civil aviation
between 1990 and 1996: Resource Management was involved in 2.5% of
accidents; inadequate supervision was irvolved in 5% of accidents. However,
skill-based errors were irvolved in 60.5% of accidents; decision errors were
involved in 28.6% of accidents: Crew Resource Management was involved in
29.4% of accidents; ard violations were irvolved in 26.9% of accidents.

The current research examines 523 accidents occurring in the ROC Alr Force
between 1978 and 2002 by applying Human Factors Amlysis ard Classification
System (HFACS, Wiegmarm & Shappell, 2003). To date, the HFACS framework
has mainly been used in North Arerica for the amalysis of aircraft accidents.
However, with increasing world-wide use of the framework there is now a need to
examire the reliability ard agolicability of the HFACS framework in dif feret
ocoatries and aultures. Beaubien and Bsker (2002) criticised the validation
evidence presented for sugporting the utility of the HFACS system as it has all
been collected ard amalysed by the authors of the system themselves. It was
also suggested that further inter-rater reliability evidence would ke desirable.
Wiegmarm and Shappell (2001a) reported that the framework as a whole had an
inter-rater reliability figure (using Ghen's Kaoea) of 0.71, indicating suostantial
agreenent; however, ro figres were reparted far the individel HFACS categories.

Natiawl culture has been inplicated as a factor in many aircraft accidents
and it has also been suggested that meny safety concepts (such as Crew
Resource Management - CRM) are biased toward a North American/Westem
Barapesn adlture. Merrdtt (1993) called the failure to take into accoat the effects
of reticel ailtre “ailtural inperialism.” Hofstede (1984) pointed ot thet retiasl
cultures vary on dimensions such as individualism, power distance, uncertainty
avoidance, and masculinity, fouar areas vwhich can af fect interactians in the copit
and which are known to have an inpact on safety. On Hofstede’ s fivst dimensian,
individualist cultures can be characterized as having loosely knit social
frameworks, which emphasize the individual taking care primerily of themselves
ad their imrediate family and friends. ollectivist cultures have tight social
networks and pecple in them expect organizations to protect their menbers in
edance for taal loyalty. n the power-distance dimension, high power distance
aultures place a great deal of erphasis m titles, rank, and overt status. Low
power-distance adltures are quite the gpoosite, where superiars still have athardity
yet paple lower in the orgenization do not necessarily defer to this authority.
Hofstede’s dimension of uncertainty avoidance describes the degree to which
marbers of a culture feel threatened by anbiguous or uncertain situations. In
high uncertainty avoidance cultures orgenizations tend to have a great rumber
of fomel mechanisms, deviant behavior is not tolerated and pecple strive to
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arrive at bladk ard vhite answers to questians. Low uncertainty avoidance adltures
operate in quite the opposite marmer. M the fimal dimension of mesculinity
versus femininity, masculine cultures are characterized by dominance and
assertiveness, ard to an extent, an apparent lack of care for others. Feminine
cultures place much higher emphasis on relationships and care for others
(Descriptions of Hofstede’s dimensions are adapted fram Rddbins, 1991) .

Using the Hofstede categorization, it has been doserved that NATO nations
such as the UK, USA, Canada, Norway, Demmark and the Netherlands, which
are individualist cultures and show low uncertainty avoidance, have the lowest
accident rates (Sceters & Boer, 2000) . Coamtries including Greece, Portuggl,
ard Turkey with a collectivist aulture ard exhibiting a strag avoidance of
uncertainty have the highest accident rates. Helmreich (1994) described an
accident where a Boeing 707 ran aut of fuel during a secad approach following
an initial missed approach (NISB, 1991) . It was suggested that as Colombia
was a high power-distance aulture there was reluctance an the part of the First
Officer to question the Coptain’s actions ard decisians, even though the aircraft
was ruming low an fuel. Helmreich also suggested that as part of a collectivist
adlture, there wes also uwillingness within the crew to insticpte a potentially
acrimonious debate, which may damage intra-group harmony .

In additio to aultiral factars being related to accident rates, it also has been
roted that safety initiatives developed in irdividualist aultires (e.g. the K ard
U=R) ey be rejected in collectivist, hich power-distance acultures (e.g. R.0.C.),
as it would be seen as conpletely unacoeptable to criticize group menbers or
questim superiors about their actians (see Jdmstan, 1993; Helmreich & Merritt,
1998; ar Maurdro, 1999 for further discussion an the affects of cultural factors) .
As a result, the pattem of accident amtributory factors doserved when applying
HFACS to accidents occurring to North Averican goerators is likely to ke quite
different to those doserved in R.0.C., egpecially in those dimensians which are
most likely to reflect the aotributians of retiasl adlture, for exanple nernsgerial
ard orgenizatianal aspects.

To date, HFACS has been shown to be useful within the context of US military
aviation, as both a data analysis framework and an accident irvestigation tool
(Shappell & Wiegrarm, 2003) . This research examined the applicability of the
HFACS framework for the amalysis of accidents in a military, cdlledtivist, hich
power-distance culture, the R.O.C. Air Force. It is anticipated that those
dimensians nost likely to reflect cultural differences, for exanple menagerial
ard acpnizatiasl agpects, will exhibit differat frequancies in their catributians
to accidats. Bs a secaxbry dojective, it also examired the inter-rater relidbility
of the 18 individual categories of HFACS framework.

Method

Data

The data were conprised of the narrative descriptions of accidents ccourring
in the R.0.C. Air Force between 1978 ard 2002. In total, the aarplete data set
conprised 523 accidents in this 25 year pericd.
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In addition to the rarrative description in the repart, the following infametion
was also aollected: the type of mission in which the accident happened (e.g. air
interception, cross coantry, surface attadk) ; the flight gese (e.g. takeof £, flidt
in the gperatiasl area, gooroach, ad landing) ; the rark of the pilot(s) irvolved;
ard the type ard category of aircraft.

Classification framework

This study used the HFACS framework as described in Wiegmann and
Shappell (2003) . Tre first level of HFACS categorizes events under the general
heading of unsafe acts of operators that can lead to an accident; these include
ard are aonprised of four sub-categories of decision errors, skill-based errors,
perceptual errors, and violations (see figwe 1). The second level of HFACS
aoncerns  preconditions for unsafe acts which has a further seven sub-categories
d adverse mental states, adverse physiological states, physical/mental
limitations, crew resource management, personal readiness, physical
environment, and technological environment . Tre third level of HFACS is unsafe
supervision ircludirg inadequate supervision, planned inappropriate operation,
failure to correct known problem, ard supervisory violation . Tre faxrth and highest
level of HFACS is organizational influences and carprises the sub-categories
& resource management,organizational climate, ard organizational process .

Organizational Influences

Resource Organizational Organizational
management climate process
Unsafe Supervision
Inadequate ‘ Planed Failed to Supervisory|
supervision |nodeqycfe correct a violation
operations known problem

Preconditions for unsafe acts
Level-2

Adverse|| Adverse Physical/ Crew Personal Physical Techno-
mental ||physiological|| mental resource readiness|| environ- logy

states states | |limitation| [management ment e%”é’%”

Unsafe acts of operators
Level-1
Decision Skill-based Perceptual Violat
errors erors errors iolations

Figure 1. The HFACS framework, each upper level would af fat downward
level, proposed by Wiegmarm and Shappell (2003) .
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Coding process

Each accident report was aoded by two irvestigators, an instructor pilot, ard
an aviation psycdhologist. These two investicators were trained together aon the
HFACS framework for 10 hours to ensure that they achieved a detailed and
acaurate understanding to the categories of the HFACS. They then analyzed
each accident report indeperndently.To avoid over-representation fram any sirgle
accident, each HFACS category was counted a maximum of only once per
accident. The comt acted sinply as an indicator of presence or absence of
each of the 18 categories in a given accident.

Results

Sample characteristics

A total of 523 R.0.C. Air Force accidents were aralyzed. In these accidents,
1,762 instances of huren error were recorded within the HFACS framework.
The sanple included 206 (39.4%) class-1 accidents (cost to repair over 65% of
ariginal price of aircraft), 78 (14.9%) class-2 accidents (cost to repair between
35 ard 65% of original price or crew had sericus injury), and 239 (45.7%) class-
3 accidents (ocost to repair between 3-35% of original price or crewranber has
a minor injury) . Fighter aircraft were irvolved in 353 (67.5%) accidants, trainers
irvolved in 113 (21.6%) accidents, ard cargo aircraft were irvolved in 57 (10.9%)
accidents. Cadet pilots were irvolved in 30 (5.7%) accidents, fivst lieutenants in
10 (1.9%) accidents, lieutenants in 92 (17.6%) accidents, captains in 144 (27.5%)
accidents, mejors were irvolved in 148 (28.3%) accidents and lieutenant colaels
(or above) were irvolved in 70 (13.4%) accidents.

Tnitial results foud thet acts at the level of unsafe acts of operators was
imvolved in 725 (41.1%) instances; the preconditions for unsafe acts level was
as a causal factor in 552 (31.3%) instances; the unsafe supervision level ves
irvolved in 221 (12.5%) instances, and the organizational influences le&l inthe
HFACS mdel was imvolved as a factor in 264 (15 %) instances. It must be
noted in the following analyses that the percentages quoted refer to the
percentage of times that an HFACS factor was inplicated in the sequence of
events leading up to an accident. However, in most instances merty more than
just a single factor was inplicated in an accident sequence, hence the
percentages quoted sum to more than 100% across the results section as a
wole.

Causal factors associated with ‘unsafe acts of operators’

Thleel-1, skill-based errors exhibited the highest frequency of occurrence in
the HFACS framework. These included actions such as insporopriate stick and
rudder coordination, exoessive use of flight aotrols, glide path not maintained,
ard adopting an improper airspeed or altitude. Decision errors had the second
highest rate of doservations. Instances in this category included selecting
insporopriate strategies to perform a mission, improper in-flight plarming, meking
an iraporopriate decision to aoort a take-off ar landing, or using inproper ravedial
actions in an evergency . The aategary of “Widlatias’ included intenticelly igoring
standard operating procedures (SOPs), neglecting SOPs, applying improper
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SOPs, and diverting from SOPs. The category of Perceptual errors eshibited
the lowest frequency of cocurrence. This category included experiencing spatial
disorientation, viswal illusians, meking incorrect distance estimetians ard
desoent rate during approach, and vertigo during tactical meneuvers (figure 2) .

240
220
200
180
160
140
120 &7
100
80
60
40
20
0

Decision errors Skill-based Perceptual Violations
(42.6%) errors (43.2%) errors (22.2%) (30.6%)

Figure 2. Frequency and percentage of factors implicated in accidents at
level-1 ‘unsafe acts of qperators’ .

Causal factors associated with ‘preconditions for unsafe acts’

At level-2 of the HFACS framework, instances of causal factors in the ‘adverse
mental states’ category (the most frequent category of occurrence) included
issues such as over-amfidence, stress, loss of situatiarl awareness, distractiom,
charmelized attention, ard task saturation. Crew resource management (CRM)
issues, the next nost frequent category, included a lack of teamwork, poor
comunication, failures of leadership, and inedequate briefing. In the physical
environment category, amtributary factors included poor respanses to factors
in the enviroment such as, bad weather, foreign doject damege, ard terrain.
The physical/mental limitations category included instances of visual lindtatians,
information overlcad, ard a lack of experience to deal with a carplex situatio.
The technological environment category covered issues such as equipment
desion, cockpit display interfaces, autamation, ard checklist layout. Personal
readiness vhich encanpassed issues associated with inadequate training, self-
medication, poor diet, arnd overexertion while of £ dty, was irvolved in relatively
few accidents, as was instences of adverse physiological states (see figme 3
an the following pece) .

Causal factors associated with ‘unsafe supervision’

The nost frequently ocourring category in level -3 was inadequate supervision .
Cxtrdlhurary factars inclhided a failure to provide proper trainiry, a failure to provide
adequate rest periods, a lack of accomntability, failure to tradk gelificatias ad
performence, using untrained supervisors, and loss of situation awareness at
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Figure 3. Frequency and percentage of factors inplicated in accidents at
level -2 ‘precadition for unsafe acts’ .

the spervisary level. Planned inadequate operations, including issues srrourding
pocr crew pairings, a failure to establish if risk cutweighed berefit, excessive

task/workload, ard failure to provide adequate time for briefing, was the next

most frequently ocaurring category at this HFACS level. In the category of failure
to correct a known problem, instances included failures to correct iregorgoriate
behavior, failing to rawve a known safety hazard, failing to report unsafe

terdacies, ard failing to initiate carrective actians. Supervisory violations vhich
inchuded authardi zing an uguelified crew far flidtt, supervisars violating procedires,

inadequate documentation, ard a willful disregerd of authority by the supervisor,
was inplicated in relatively few accidants (see figure 4) .
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Supervisory
violations
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Figure 4. Frequency and percentage of factors implicated in accidents at
level -3 ‘unsafe supervisian’ .
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Causal factors associated with ‘organizational influences’

I lexl4, resource management, which inclided the selectian, staffing and
training of humen resources at an orgenizatiaal level, excessive cost cutting,
providing unsuitable equipment, and a failure to ramedy desion flaws, was most
frequently irvolved in accidents. Organizational processes including excessive
tine pressures, poor mission sdhediling, poor incentivization, failing to set clearly
defined dbjectives, poor risk menagement programs, inadequate management
checks for safety, ard failing to establish safety prograns, was the next most
frequent category at this level in the HFACS framework. Issues surrounding the
organizational climate including inadequacies in the chain of command, poor
Gelegptio of authority, inappropriate organizational custans ard beliefs, and
poor accident investigation, were only involved in very few accidents
(sce figre 5) .

200
180
160
140
120
100
80
60
40
20
0 o
Resource Organizational Organizational
management Climate Process
(35.2%) (0.8%) (14.5%)

Figure 5. Frequency and percentage of factors implicated in accidents at
levwel4 ‘acpnizaticel influence’ .

Inter-rater reliability of HFACS classification

The inter-rater reliabilities assessed using Cohen’s Kappa ranged between
0.440 and 0.826, a range of values sparming between moderate agreement and
substantial agreement. Fourteen HFACS categories exceeded a Kappa of 0.60,
which indicated substantial agreement. Four categories had Kappa values
between 0.40 and 0.59 indicating moderate levels of agreement (landis & Koch,
1977) . Inter-rater reliabilities calailared as a sinple percentace rate of agreamat
dotained reliability figures between 72.3% ard 96.4%, also indicating acceptable
religoility between the raters (table 1) .
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Teble 1
The frequency and percentage of accident and inter-rater reliability of HFACS
categories (ranked in terms of increasing inter-rater percentage agreement)

Categories of HFACS HIZC(SIS Frqufe ney E;?;L?ﬁ?;
occurance Cohen's || Percentage
Kappa | Agreement
Personal readiness 2 29 0.695 72.3%
Decision errors 1 223 0.675 81.5%
Skilled-based errors 1 226 0.712 83.4%
Violations 1 160 0.695 84.9%
Perceptual errors 1 116 0.667 85.1%
Adverse mental states 2 184 0.748 86.0%
Resource management 4 184 0.768 86.4%
Organizational process 4 76 0.593 87.4%
Inadequate supervision 3 177 0.826 89.7%
Crew resource management 2 146 0.801 89.7%
Technology environment 2 44 0.608 89.9%
Physical/mental limitation 2 73 0.691 90.4%
Physical environment 2 74 0.797 92.2%
Planned inadequate operations 3 24 0.706 94.6%
Failed correct known problem 3 12 0.548 95.8%
Supervisory violation 3 8 0.694 96.2%
Organizational climate 4 0.440 96.4%
Adverse physiological states 2 2 0.441 96.4%
Discussion

Analysis of accident data by applying HFACS framework

2t the leel of unsafe acts of operators, skill-based errors had the highest
rate of ocourrence (43.2%) in the HFACS framework, including actions such as
inaporopriate stick and rudder coordination, excessive use of flight conftrols,
glide path rnot maintained, ard adopting an inproper airspeed ar altitude. Decision
errors had the secod highest rate (42.6%) including instances of selecting
insporopriate strategies to perform a mission, improper in-flight plamming, meking
an insgorapriate decision to abart a take-off ar larnding, ar using inproper ravedial
actions in an emergency.The frequency of both categories of Skill-based errors
(226) ard decision errors (223) were very similar, coprising the majority of
instances in HFACS framework. The initial training programs for cadet pilots
foaus almost solely an factors at the skill-kased level. There are o decision-
making training programs in existence in the R.0.C. Air Farce so far . Therefore,
there is an urgent need to address the importance of aeranautical decision-
mekirng far military pilots.
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2t the level of preconditions for unsafe acts, adverse mental states hed the
highest rate of inplication in accidents (35.2%) inplicating factors such as
mental fatigue, stress, over-amfidence, distraction, poor vigilance, or poor
commication. Crew resources management had the secand highest rate of
accidents (27.9%) . Many military pilots in the ROC Air Force feel that CRM is
aly goad far civil aviation pilats. Tre firndings of this irvestication revealed that
military aviation does need CRM but perheps a modified version. Even pilots of
single-seat fighters require good commication with their wingmen to backup
each other ard avoid a mid-air collisian. They need to follow their leader (rundoer
ae) to form a tactical formatrion to udertake a mission ard they need to exchancge
informetion with TecHcal Air Tt fic Griral (TATC) dlearly . Physical environment
causal factors had the third highest rate of accidents (14.1%) . The mejority of
these accidents irvolved an insgoropriate regponse to bird strikes. The research
suggests that bird strike projects need to be improved.

Inadequate supervision hed the highest rate of accidents (33.8%) at the lewvel
d& unsafe supervision . Tt ves doserved that supervisars’ failure to provide proper
training far crew, a supervisory loss of situation awareness and untrained
supervisors were the mejor aontributors to accidents. Tt suggested that there is
a need for inproving the training of supervisors. Moreover i routine violations &
tre leel of unsafe acts of operators were condoned at the supervisory level, it
reinforces the iragoraoriate bdaviars ard attitudes of the flight crew. Therefore,
Supervisors must be encouraged to perform their tasks appropriately and
precisely.

Resource management had the highest occurrence frequency at the
organizational influences lewl. It is inportart to fird the wesk 1irk in the resource
management chain ard then to find sppropriate raredial strategies; however t
is also diffiailt to locte latent failures at an argenizatiaml level. This study
foud that mejor aotributars to accidents included poor pilct selection practices
ard flight training, poor aircraft desion, ard failures to aorrect known flaws.
Cross-Cultural Comparison of HFACS

The HFACS framework that was originally developed for use in US military
aviation. Many categories, such as Supervisory violation ted a relatively low
percentage of ooccurrence in both the reported U.S. data ard in the data in the
arrent study, - only 1.7% in U.S. ard 1.5% in R.0.C. Some categories, such
as Skilled-based errors, had a much higher percentage of occurrence in the
U.S. (60.5% - Wiegmarm & Shappell, 2001a) than in R.O.C. (43.2%) . Generally,
though, the percentages of most HFACS categories were relatively similar
between the USA and R.0.C. In both contries, at the level of unsafe acts ofthe
operator, skill-based errors were the primary hinmen cause of accidents, followed
by decision errors, violatians, ard perceptal errars (see table 2) . However, there
were sone categories were there was a big difference between USA and R.O.C.
For exanple, anly 2.5% of ocourrences in USA fell into the category of resource
management at tre leel ot organizational influence it errars in this category
were inplicated in 35.2% of instances in accidents in R.O0.C. Alr Faree. Similarly,
inadequate supervision at tre unsafe supervision level wes inplicated in aily

% of accidents in USA but 33.5% in R.O.C. sample (see table 2).
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Tole 2.

Accidents' Frequency | Accidents' Frequency
Categories of HFACS and Percentage ROC |and Percentage USA
Frequency] Percentage|Frequency]Percentage
Level-4, I Organizational process 76 14.5% 10 8.4%
Organizational
Influences Organizational climate 4 0.8% 0 0%
Resource management 184 35.2% 3 2.5%
Level-3, Supervisory violation 8 1.5% 2 1.7%
Unsafe -
Supervision | Failed correct a known problem 12 2.3% 2 1.7%
Planned inadequate operations 24 4.6% 1 0.8%
Inadequate supervision 177 33.8% 6 5.0%
Level-2, Technology environment 44 8.4% na na
Preconditions - -
for Physical environment 74 14.1% na na
Unsafe Acts | personal readiness 29 5.5% 0 0%
Crew resource management 146 27.9% 35 29.4%
Physical/mental limitation 73 14.0% 13 10.9%
Adverse physiological states 2 0.4% 2 1.7%
Adverse mental states 184 35.2% 16 13.4%
Level-1, Violations 160 30.6% 32 26.9%
Unsafe Acts of -
Operators Perceptual errors 116 22.2% 17 14.3%
Skilled-based errors 226 43.2% 72 60.5%
Decision errors 223 42.6% 34 28.6%

Note 1. The percentage in the table will not equal 100%, because more than one causal factor is
associated with each accident.

Note 2. na indicates no information available for the categories of 'technology environment' and
'physical environment' in the paper for the published date.

Note 3. The information of USA accident's frequency and percentage is taken from Wiegmann,
D.A. and Shappell, S.A. (2001a) 'Human Error Analysis of Commercial Aviation Accidents:
Application of the Human Factors Analysis and Classification System', Aviation, Space, and
Environmental Medicine, 72, (11) 1006-1016.

2ocording to Wiegrerm arnd Sheppell’s (2001a), factors at the level of unsafe
acts of operators were irvolved in 63.4% of accidents in the USA sanple (in this
research it wes 41.1% inR.0.C.), factars at the level of preconditions for unsafe
acts were involved in 26.8% of accidents in USA (31.3% in this research), at the
leel o unsafe supervision 4.5% of causal factors were associated with accidents
inU8A (12.5% inR.0.C.), ard at the level of organizational influences 5.3% of
causal factors were associated with accidents in USA (15% in R.O.C.). It is
diffiailt to suggest with any certainty if the te explaration for the differances in
the data were attributable to the USA data being taken from civil aviation ar if it
wes aretiael, ailtual dif ference between USA and R.O.C. As Hofstede (1991)
pointed aut, the culture of USA is characterized as smell power distance and
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individualist. Subordinates acknowledge the authority of their superiors but do
rot bow to it, and engesis is fimily placed an individial initiative (and reward) .
This supported the findings of Wiegrarm and Shappell’s (2001a) , that individual
operators have greater bearing an accidents in the USA. On the other hand, in
the R.0.C., a hich power distance collectivist culture, it has been foud in this
research that supervisory and orgenizatianal influences have a greater influence
in accidats. Furthermore, Jdmston (1993) fourd that social inequality is readily
accepted in high power-distance countries where leaders are expected to be
decisive and subordinates are expected to know their position.

Reliability of HFACS

From the Cohen’ s Kappa results, the HFACS framework was found to have
an acoeptable level of agreement between the raters coding the data. However,
the indexes of reliability using Cohen’s Kappa and percentage of agreement
between raters was occasionally discrepant in some categories. For exanple,
organizational climate had the lowest of Kappa coefficient (0.440) but had the
highest percentage agreement (96.4%) . Adverse physiological states had second
lowest coefficient of Kappa (0.441) but had high percentage agreament (also
96.4%), and failed to correct a known problem had low coefficient of Kapea
(0.548) but had high percentage agreament (95.8%) . The explanation for this is
two fald. These HFACS categories had very low frequencies of anly four, two,
ard 12, respectively.These low frequencies are ureliable and easily can distort
the (ohen’s Kappa value in such instances, actually deflating its value where
there is actually a very high level of agreement. Cohen’s Kappa also becores
ureliable when the vast nejarity of doservatians fall into just ae of the categories
ard there also is high percentage of agreement between raters in this category.
In this instance, there is a high percentage agreament between the raters while
similtanecusly the value of Cohen’ s Kappa is low, as the latter is based ypm
expected praoabilities based upon the marginal doserved totals (Huddleston,
2003) .

Certain categories of accident causal factors in the HFACS were found to
have lower reliabilities than other categories. Harris (1995) noted that certain
categories of causal factor in the post-hoc coding of incident data were less
likely to ke relidbly categorized by two independent raters then were others. The
categories least likely to show high levels of reliability were those that required
a great deal of inference ( the part of the assessors) when coding the data,
ard also dealt with more abstract aonospts, such as inferring a lack of situatiawl
awereness. It is notable that fram the data in Table 1, with the exosption of
personal readiness all categries at lewel 1 in the HFACS system show the
poxest lewels of inter-rater relidbility . The pre-aursors of these actions (level 2)
ad causal factars at the level of unsafe supervision (level 3), however, showed
much higher levels of inter-judoe relisbility .

W iegmarn and Shappell (200la) found that HFACS framework as a whole
hed an inter-rater reliability figure caladlated using Ghen’s Kagoa of 0.71, which
indicated substantial agreement. This research fourd that coefficient Kappa
grerally imdicated hich reliability across the mejarity of individel categories in
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the framework when applied to R.O.C. Air Foree accidatts, but that the categories
inlerl 1 were axsistently the factars showing lowest inter-rater relidbility.

Conclusions

This research has demmstrated that the HFACS framework can le used to
identify the humen factors associated with accidents in the R.O.C. Air Fae. It
also has suggested thet there are cross-aultural differences at the levels of
organizational influence ard unsafe supervision in the prevalernce of the uderlying
humen factors that aontrilbute to accidents. The HFACS framework has proved
to ke a useful tool for accidat investigation ard it has acosptable inter-rater
reliability at the level of imdividel categries. To inprove aviation safety, the
precise identification of hunen errors in accidents and the pinpointing of himen
factars prablans in arder to develp effective prevation strategies are inperative.
The application of the HFACS framework appears to be reliable and culturally-
sasitive ad it is suggested thet it is a tool of grest utility in this respect.
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Abstract

Inspection and maintenance errors that occur in aircraft mainte-
nance systems have a formidable impact on the safety and reli-
ability of air transportation. Evaluation of the aircraft maintenance

system requires an analysis of the maintenance processes in use.

Significant efforts have been made to investigate and track inspec-
tion and maintenance errors. Although valuable in terms of their
contributions to the identification of the performance-shaping fac-
tors that lead to maintenance errors, these efforts have tended to

be reactive in nature. The systematic evaluation of data collected
on the aviation maintenance process can provide management

with feedback on the performance of the airline and consequently
provide proactive support of the decision-making process prior to

the dispatch of the aircraft. Recognizing that surveillance, auditing,

and airworthiness directives form a significant portion of the quality
assurance function of an airline, it is critical that data be collected
on these processes. Process measures for these work functions

were identified by the research team based on human-factor prin-
ciples, utility of data being captured, and working around mental

models of the quality personnel. This research presents the identi-
fication strategy adopted by the research team to finalize the pro-
cess measures for the three work functions mentioned above. Fol-
lowing this identification phase, the team carried out two surveys to
validate the process measures. The first survey was taken by FedEx
to finalize and prioritize process measures, the results of which are

presented in this paper. In the second survey, the team will validate
with other industry partners to prioritize process measures, the re-
sults of which are awaited.

Requests for reprints should be sent to Kay Chisholm, FAA Academy,AMA-530,
P.O. Box 25082, Oklahoma City, OK 73125. E-mail to kay.chisholmefaa.gov.
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Tntrodxction

Alr transportation is becaning cotinelly anplex. To ensure safe ard relidble
air transpartatio, the Federal Aviation Administration (FAR) issues and enforces
regulations and minimum standards covering merufacturing, operations, and
alrcraft meintenence to minimize aircraft accidents. Maintenance error has been
fourd to ke a crucial factor in aircraft accidents (Boeing & US ATA, 1995). The
significance of the maintenance function was captured by Weick , Sucliffe, ad
(ostfeld (1999) when they doserved that: “WMaintenance pecple care into aontact
with the largest runber of failures, at earlier stages of develgarent, arnd have an
aping sanse of the wulnerabilities in the tedrolagy, slapiness in the qoeratians,
geps in the proocedures, and sequences by which ane error triggers another” (p.
93) . Given the ever-increasing aarplexity of an aircraft, a significant proportion
of these errors core at the hands of the maintenance persamel themselves
due to greater damards an these individuals. Thus, it is very important to take a
closer look at the humens irvolved in aviation maintenance, understand the
causal factars far these errars ard the possible solutians to conter this situatio.
Huren factors research in maintenance deemed the humen as the central part
of the aviation system (Gramopadhye & Drury, 2000). This humen factors
research considered the psycho-physiological aspects of the humen and
explained the need for developing different humen factors interventions, which
ensure that the tagk, jdb, and ewirament are defined judiciously to match
huren capabilities and limitations. This enduring emphasis on humens and
their role in the aviatim systam, results in the develgorent of error-tolerant
systems.

There has been research irvolving the analysis of a maintenance incident
ard incident reports highlighted the relevance of factors such as inadequate
training, poor supervision, arnd individual factors such as stress ard fatigue as
causes of maintenance-related incidents, this gporcach is still very reactive in
nature. This agoroach irvolved a series of foous groups ard interviews with
maintenance persarel and their supervisors to ascertain their perceptions of
factors that impact on maintenance work. The aviation maintenance industry
also invested a significant effort in developing methodologies for irvesticating
meintenance errors. The literature on lumen error has its fordations in early
studies of errors mede by pilots (Fitts & Jaes, 1947), work following the Three
Mile Islard incident, recent work in humen religbility, and the development of
error taxonomies (Swain & Guttman, 1983; Norman, 1981; Rouse & Rouse,
1983; Rasmussen, 1982; Reason, 1990) . This research centered on analyzing
meintenance accidents ard incidents. Figures ererging from the United Kingdom
GhAl Aviadion Authority ((R8) showed a steady rise in the rumbber of maintenance
error mendatory occurrence reports over the period 1990 to 2000 (Courteney,
2001) . A recent Boeing study of worldwide camercial jet aircraft accidents over
that same period showed a significant increase in the rate of accidents where
maintenance and inspection were primary factors (cited in ICRO, 2003) . The
FAA, in its strategic plan for humen factors in aviation maintenance through to
2003, cited statistics fran the Ar Trangoart Association of Arerica (ATA) showing
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that the rumber of passenger miles flown by the largest US airlines increased
187% fram 1983 throuch to 1995. Over that same pericd, the rmber of aircraft
ocerated by those airlines increased 70% but the muncer of aviation meintenance
tedmicians increased anly 27%. The FAA concluded that the anly way the
maintenance program could aope with the increased workload was by increased
efficiency at the worker level (cited in MKema, 2002) .

Varicus airlines also have developed their own intermal procedures to track
maintenance errors. One such methodology employs the failure modes and
effects amalysis apgoroach (Hddos & Williamson, 2001) ard classifies the potential
errors by expanding each step of a task amalysis into sub-steps and then listing
all the failure modes for each sub-step. The US Navy Safety Center developed
the Human Factors Aralysis and Classification System — Maintenance Extension
Taxonomy and the follow-up web-based maintenance error information
menagement system to analyze naval aviation mishaps (Shappell & Wiegmarn,
1997; Schmidt, Schmorrow, & Hardee, 1998; Shappell & Wiegmarm, 2001).
later, this system was used to amalyze comercial aviation accidents (Wiegmann
& Shappell, 2001) . The developrent of descriptive models of humen error and
accident causation (Reason, 1990; Senders & Moray, 1991) and the recent
adaptation of Reason’s model to aviation maintenance (Reason & Hddos, 2003)
are mejjor steps in the right direction. Research an eryvor classification schares
(e.g., Patankar, 2002; Shappell & Wiegmarm, 1997) and, more recently, safety
altire (Taylar & Thomas, 2003; Patankar, 2003) are sore other valuable
literatire in this area of ressarch. Tre increasirgly sqhisticated error classification
schemes now in use in the aviation industry recognize the multiple causes of
ervor by providing categories that capoure the role of arganizatiarl, social, ad
individiel variables. These categaries arbrace the roles of meintainers, gperatars,
Supervisors, as well as varicus levels of meragarent (e.g., Shappell & Wiegren,
1997) . The prablem with classification schemes, however, is thet there isto
causal model embedded in the schemes to show how the linkages within the
system operate. Classification schemes, provided they are backed by
conprehensive investigation procedures, are very useful for identifying weak
points in a system. However, in addition to these schames, enpirical nmodels
are needed to illustrate how the parts of the system work to influence cutoares.
Another recent exanple would be the Maintenance Error Decision Aid (MEDA)
(Rarkdn, Hibit, Allen, & Sargent, 2000) . This tool, developed by Boeing, with
Britich Advways, Gotinental Airlines, Uhited Airlires, the Interretics]l Association
of Machinists, ard the U.S. Federal Aviatim Administration, helps amalysts
identify the antributing factors that lead to an aviation accident. MEDA was
easy to use once it had been implemented - the main prcoblem was MEDA
process implementation. MEDA needed a management champion for its
implementation at each airline. Consequently, airlires tlet typically pnished
maintenance technicians for errors found it harder to implement MEDA than
airlines that had not carried ait disciplire far errar. Since the MEDA process is
dependent an the erring tedmician’s willingness to be interviewed about the
erar, anything that would decrease this willingness, such as a fear of being
punished for the errar, would have a detrimental ef fect on MEDA inplementation.
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Attearpts have been mede to define a core set of amstructs for safety climate
(Flin, Mearms, O'Comor, & Bryden, 2000) . Although not entirely successful in
establishing core dimensians, this research is useful in suggesting aostructs
that should e amsidered for inclusion in resesrch on meintenance errors. Taylar
and Thomas (2003) used a self-report questicmaire called the Maintenance
Resource Management/Technical Operations Questiormaire (MRM/TOQ) to
measure what they regarded as two fundamental parameters in aviation
maintenance: professicnalism and trust. The dimension of professionalism is
defired in their questiaraire in terms of reactions to wark stressars ard persanl
assertiveness. Trust is defined in temms of relations with co-workers and
supervisors. Patankar (2003) constructed a questiomnaire called the
Orcanizaticnal Safety Qulture Questiamaire, which included questians fram the
MRM/TOQ along with items from questionnaires developed outside the
meintenance aviranent. Following the apolication of explaoratory factor amalytic
routines to a dataset generated fram respandents that included 124 maintenance
ergineers, Patankar identified four factors as having perticular relevance to the
safety goals of aviation orgenizations: enmphasis on carpliance with standard
operating procedures, collective caomitment to safety, irdividel sense of
respansibility towaerd safety, and a hich level of enployee-menagement trust.

In addition to the descriptive accident causation models, classification
schees, ard self report questiarmires, there is a need for enpirically validated
models/tools that capture data on maintenance work and provide a means of
assessing this data. However, such models and schemes often tend to be ad
hoc, varying across the industry, with little standardization. Tn arder to catad
with this issue, the devised empirical models ard tools are required to erploy
standardized data collection procedires, provide a basis for predicting unsafe
axditions, and design interventions that will lead to reduction in maintenance
enas.

Mnalyzing the effectiveness of maintenance and inspection procedures is of
primery importance to accarplish the dojective of standardized data collection
ard to proactively identify the potential factors cotributing to inproper
maintenance. This can ke achieved by closely mmitoring and evaluating aircraft
maintenance and ingpection activities. As apert of this evaluation, surveillance
of maintenance ard inspection activities is conducted in a rigorous fashion by
the quality assurance ard or amtrol department of airlines. The surveillance,
auditing, and airworthiness directives groups constantly monitor and evaluate
the flight procedires to determine their level of carpliance. The dojectives of
these groups are achieved through effective functioning of the representatives
wpo perfom surveillance ard auditing activities. Their findings help in the
evaluation ard assessent of the intermal and extermal orgenizations associated
with the airline, which influences the safety ard airworthiness of aircraft. The
surveillance ard auditing activities are of foremost inportance in ensuring
adherence to the quality requirarents and also maintaining a aonsistent level of
Supervision over meintenance cperatians.
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Surved 1ance

Surveillance is the day-to-day oversidghit ard evaluatio of the work aontracted
to an airfranme suostantial meintenence verdor to determire the level of copliance
with airline’s Maintenance Program and Maintenance Marmual. The primary
dojective of surveillance is to provide the airline, through the acoarplishment of
a variety of gpecific surveillance activities an a plamed ard random sanpling
basis, an accurate, real-time, and comprehensive evaluation of how well each
substantial meintenance vendor is complying with the airline’s and FAA
requirenents. For exanple, FedEx has a Quality Assurance (@A) representative,
stationed at the vendor location who schedules surveillance of an incoming
aircraft. The gpecific task to be perfamed m an aircraft at a vendor location is
available an a work card. The representative performs surveillance on different
work cards according to the surveillance schedule. The results are documented
ard used to aralyze the risk factors associated with the concermed vendor and
alrcraft. The Fedix surveillance departiant is alvesdy using categories to aollect
the data dotained from a surveillance visit at the maintenance facility.The team
used these categories as a starting point in their process to identify the process
measures. Sore of the categories currently being used by FedEx are in-process
surveillance, firmal walk arourd, verification surveillance etc. These categories
were created based on the various surveillance tasks and the C.A.S.E.
(Coordirating Agency for Sugplier Evaluatian) guidelines that have to be adhered
to by the substantial maintenance vendor ard the airline.

Audit

Adit is a more fomel activity that addresses specific issues. Auditing may
e perfommed at two levels — Intermal and Tedmical adits. Intenal adits are
those that are performed within and/or across the airline departments. Oversight
of functians relating to aircraft line meinterance, ranp goerations ard aircraft
fueling, whether owned by the airline or antracted, is acoorplished by a formal
system of tedmical audits performed by qualified tedmical auditors. The audit
menager assigns an auditor ard schediles the audit. The auditor selects the
audit standards, perfoms pre-audit amalysis, and finally copletes the audit.
The auditor then reports the findings to the menager . This results in a axrective
actians report. These audits are recurrent. Qurrently, FedEx’ s team of intermal
auditors uses categories to group the data that is collected during en intermal
adit. The categories are built into the decklist used by the auditars. Although
not much analysis is done on the data collected, this method presents a good
apprcach to viewing the informetian aollected durirng an intermal audit. A similar
approach is used by the FedEx tedmical audit team for sore of their audits.

Airworthiness Directives Control

The Airworthiness Directives Control Group (ADXG) is respansible for the
inplementation of new, revised, ar aorrected Airworthiness Directives (ZD)
appearing in the Federal Register. If the “goolicability statamat” of an 2D refers
to an aircraft model and series or engine model and series gperated by the
airlire, ar if tte 2D addresses an appliance or component that could be installed
m an aircraft operated by the airline carpary, the ADCG considers the 2D to
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ke initially gpolicadle. A Work Instruction Card (WIC) generated by the ADCG is
used by the maintenance persamel to check for carpliance with the 2D. There
are checklists to review the compliance of a WIC. These checklists can be used
as a process measurement tool to review each WIC and identify any
discrepancies. The findings dotained fram these reviews can be used to identify
risk factors. Follow up of these discrepancies results in corrective actians.

Given the four above mentianed work fimctians, the goal of surveillance and
auditing activities can be achieved through inplementation of a system that
documents the processes and ocutcomes of maintenance activities and mekes
this documentation more accessible. Thus, there is a need to develcp a system
that ensures superior perfaomence of these activities. This system should perfarm
the following functians:

1 Seck imput fram diversified sources

2 Proactively identify aotribating factars

3 Pramote a starndardized format for data collection, data reduction and

data aralysis within and across the aivcraft maintenance industry

4 Generate trend aralysis for prdolem areas (causal factors within and

across organizations)

In response to this need, the research team is developing a proactive
surveillance ard auditing tool to devise strategies that ensble identifying future
pradolem areas. The identification of these pradblem areas will allow the industry
to pricritize factors that aoply across the industry to systamatically reduce ar
eliminate potential errors. The work is doe in oollaboration with FedEx in
Memphis, TN. The system will be a web-based application (WebSAT - W &b~
based Surveillance and Auditing Tool) which will initially ke developed with FedEx
as the aviation partner ard later will be nede available as an goplicarion that can

To achieve standardization in data collection, data nesds to be collected an
certain variables that measure maintenance processes and eliminate existing
inconsistencies. These variables are defined by the research team as process
measures. The process measures incorporate the response and dbservation-
kased data collected during surveillance, adits, ard the airworthiness divectives
atrol processes. The specific dojectives of this research are to:

1 Identify an extaustive 1list of process measures that potentially inpact

2 Develop data oollection/reduction and amalysis protocols to analyze

errars far the idatified set of impact variables.

3 Dewelo ad inplarent a surveillance/monitoring tool, using the results

of the aforamentioned activity, which assures that a ansistent level of
oversight is meintained.

Once data is captured in temms of these process measures, data analysis
can be coducted to identify the potential pradblemstic areas affecting the safety
of an aircraft. In this stage of data analysis, the performence of processes arnd
those conducting these processes will also be evaluated.
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The arrreatt paper foouses o the fivst ghase of the project, which aoncentrates
o the identification of process measures. The varicus steps taken to identify
these process measures are explained in detail in the methodology section.
The results section provides details an the various process measures that have

been develaped ard currently being validated by other airlines through a survey .

The discussion section presents the various decisions and prdolans encountered
in the development of the process measures.

Methodology

A task aralytic arnd user-centered software lifecycle develgoment methodology
was applied to this research. The team started of by gaining a comprehensive
view of the different srveillance ard auditing processes, their finctians, ad the
different tasks involved in accompliching these processes. Research was
conducted to identify the process measurement variables and performance
metrics that potentially inpact aviatio safety . These performance metrics were
termed as process measures. It was ensured that the variables identified were
apprapriate and were representative of those used by other maintenence entities.
This was dae by warkirng with other airlire meinterence facilities (e.g., suostantial
maintenance verdors ard third party repair stations) . The product design and
development phase was guided by a user-centered design methodology that
erabled the develgorent of tools that perfarm at a high level in the hands of the
end user .The structured approach of contextual design was used to gather and
represent information acquired (Beyer & Holtzblatt, 1998) .

W ebSAT Phases
The WebSAT research was conducted in three phases:

Phase 1: Identification of Process Measures and Data Sources
- Product plarming phase
- Gathering stakeholder data
- Interpreting raw data in termms of custarer needs ard process measures
- Identify the process measures
- Ensure that the identified process measures are representative of those
used by most maintenance entities
- Identify the limitatians in using the specific process measures identified

The fivst ghase of the research firalized the list of process measures.

Phase 2: Develop Prototype of Auditing and Surveillance Tool
- Needs analysis phase
- Product specifications phase
- Concept generation and selection phase
- Detailed design of selected aoosot to create an initial working prototype
- Testing and refinarent
- Delivery of a refined prototype to Fedix for trial use
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Phase 3: Develop Data Analysis and Validation Module
- Develop advanced data analysis tools that include miltivariate amalysis
and risk assessment.
- Validhte usirg field data.

The details an the current phase (Phase 1) are presented below:

Product planning phase. This phase included the assesasment of technological
developrents and project dojectives. The output of the plamming phase was a
project missian statement that specified a visiom for the product, the target
merket, project goals, key assumptions, oonstraints, and stakeholders. The
mission statement for WebSAT is given in Figre 1.

Mission Statement: Web-based Surveillance and Auditing Tool Prototype

Product e An application, incorporating a recommended categorization and data

Description collection scheme for maintenance auditing and surveillance application;
a data reduction module that allows the analysts to conduct central
tendency analysis and data analysis module that facilitates trend analysis.

e Achieve standardized data collection/reduction and analysis of
maintenance errors across the geographically dispersed entities of the
airline industry

e Develop a proactive system that captures maintenance errors
® Generate trend analysis
Primary Market e FedEx

Key Business
Goals

Secondary e Other airlines in the Airline Industry
Market
Assumptions & ® SQL server, ASPNET
Constraints
Stakeholders ¢ -FedEx QA Department
e -Airworthiness Directives Control Group
e -FedEx Technology Group
e Other airlines

Figure 1. W ebSAT Mission Statement

A product mission statement briefly presents the key custorer and user
benefits of the product, but avoids inplying a specific concept. It sumerizes
the direction to be followed by the product develoarent team (Ulrich & Eopinger,
2004) .To ensure that the aporaoriate range of develaoment issues was addressed,
all WebSAT stakdolders, i.e., the groups of paple af fected by WebSAT, were
identified ard 1listed in the mission statement. This stakeholder list begins with
the erd user ard custarer hut also includes those pegple tasked with installing,
managing, and maintaining WebSAT.The list of stakeholders helps to ensure
that the needs of all who will be influenced by WebSAT are identified ad
amsidered in its develogrent.
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Gathering of stakeholder data . This phase identified the stakeholders’ needs
to support the performence of maintenance activities. The methods used to
aollect this data included interviews, foous groups, doservatians of the use of
the existing system, and the analysis of docurentation describing current
procedures and regulations for maintensnce auditing.

Interpretation of the raw data in terms of customer needs and process
measures . The verbatim statements of the stakeholders and the information
gleaned from doservations of the existing process and docurentation was used
to understand the process as a whole. This allowed the WebSAT team to
brainstorm on the process measures that would evaluate the various work
functians of surveillance, auditing, and airworthiness directives group. The
identified process measures were validated through a survey . The details an this
phese are presented in the “Data Collectian” section in this peper.

The informetion fram the data gathering sessians will be translated into a set
of user need statements and a task description. The need statements express
stakeholder needs in terms of what an improved human-machine system has to
do, but ot in terms of how it will be dme. The needs will be orgenized into a
hierarchical list of primery and secandary needs using affinity diagramming. The
primary needs are the most general categories, while the secondary needs
express specific needs in more detail. The task description will ke used to
develop a set of representative task scenarios ard to perform a detailed task
aralysis. A task somario describes activities, aor tasks, in a fom tlhat allows
exploration and discussion of omtexts, needs, and reguirements with users. It
avoids meking assumptians about the details of a particular interface design.
Tre task aralysis assists in the idatification of the specific cognitive and merval
processes critical in the performence of the auditing task, as well as existing
human-machine system mismatches leading to inefficiency and error
(Gramopadhye & Thaker, 1998; Hackos & Redish, 1998).

Data collection

There are methodologies to collect and interpret informetion an process
measures. The choice of a particular methodology is based an factors such as
the type of data to be gathered, the mamer in which the data is applied, and the
tine available for data collectiom. The methodology enployed has a direct effect
o the quality ard value of the infarmation aollected. The team adopted interviews,
as they are a suitable strategy to meet the airline meragers. It also allowed the
W ebSAT team to take a first-hard lodk at the stakelholders’ work environment
ard collect useful docurents. It provided the stakeholders with an ggportunity
to put a face to the names irvolved in the research project. Goservation sessians
are important to understand how aircraft maintenance is done and to see how
the maintenance persamel carry aut their day-to-day work. Since the airline
industry is a highly regulated industry, it wes easier for the team to leam more
about the industry by reading relevant procedural meruals. The team used
qQuestiamaires in a web survey subsequent to the interviews, focus graups, and
doservation sessions. This allowed the team to evaluate (remotely) the
aporopriateness of the identified process measures with Fedix ard other airlines.
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Procedure for initial data gathering

The team sought Institutional Review Board aporoval (IRB Protocol #40159)
kefare begimning the trips to caxduct interviews. The research team established
the agerda for each visit, and got in touch with the concemed persamel via e-
mail and telephone at least two weeks before the meetings. The team then e-
mailed the persamel ooncermed with each visit with an agenda for the meeting,
valid questions that the research tesm would plan to ask an the day of meeting,
and an estimated time for each meeting. A time was finalized two days before
the departure of the research team. The managers, quality assurance
representatives, and the persamel associated with the daily repair and
maintenance of the aircraft allowed the research team to have access to
documents if the team found a certain document necessary for in-depth study,
at their omn research laboratory . The Fedbx persamel were more than helpful in

this recerd.

Subjects for initial data gathering

The interview sessions, doservation sessions, and the documents were the
initial methodologies used to cather data for the first phase of the project. This
data was used to fimalize an initial WebSAT framework as shown in Figure 2.

The WebSAT franmework strategy for the research revolved arourd three tiers.
Bs seen in Figure 2, the first tier imvolved the aollection of data with respect to
wark functians of surveillance, auditing (intermmal & tedmical), and airworthiness
directives. Once the data irvolving the maintenance of an aircraft was gathered
from these sources, they scrutinized with respect to the process measures. In
the next stage, tier 2, the amalysis of the relevant data was categorized. In the
firel ter, tier 3, ancther aralysis categorized the variables into risk (inpact
variables), ard mm-risk vardables.

The initial data also caweyed to the team the expectatians of the persamel
who were finally going to use the product. This data gave the team an insight
into the utility of the process measures. For this initial phase, the subjects who
were interviewed ard doserved in their work dovain setting were quality assurance
representatives from the surveillance, intermal audit, tedmical audit, ard the
airworthiness departments at FedEx. The team condicted at least five sessians
at the vador facility at Mdoile, AL, and the FedEx headquarters at Memphis,
TN. The team also conducted phone interviews with FedEx persammel.

Procedure for the survey

Following the initial data gathering, surveys were caducted in two phases to
validate the data gathered. In the first pghase, there were four different surveys:
ae each for surveillance, intenal audits, tedmical adits, ad the airworthiness
directives. The team sent out a detailed e-mail to all the participents regarding
the survey, which had instructions an how to take a survey .All the for surveys
provided a link to a definitions docurent, which explained what the process
measures are and how they have been defined by the team. The e-mail also
provided the participants with the contact information of the research team. The
first survey was conpleted by all the participants at Fedbx in 14 days. The
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feadback was utilized to refine the process measures definitions, ard the saoee
of data being gathered by each process measure. The next seven days were
utilized to refine the identified process measures based an the input dotained
fran this survey. In case the team needed sare clarification in their decision
meking process, they made a conference call with the work function menager
for clarification. The refined process measures were used to send aut the next
survey to other partnering airlines. The secad phase of the survey with the
partrering airlines is being conducted at present, ard the research team is

DATA

Airworthiness
directives

v v v

Process Measures

Surveillance Auditing

I 2. 2. 2. 1
/ ] z
Tier-1 = f— SO =
Categories
Tier-2 e——pp-
v
Tier-3 \ I ANALYSIS I

Risk (impact variables) Non-risk variables

Figure 2. WebSAT framework.

Customer selection matrix for the survey

There were three kinds of users. The first kird was subjects in the mernegerial
positians, who would be irvolved in intricate data aralysis. They used findings,
information, and data from their respective work domains and departments to
keep a vigil an the proceedings in the organization ard their own departments.
The second kind of users was subjects who work under these managers. Their
imvolvarent wes an a daily basis, and irvolved subjects fram the surveillance
departments. The third kind of user was auditors and persomel from
airworthiness directives departments, who do not use the product an a daily
basis, but as and when the need arises for same sort of data evaluation. The
custarer selection metrix is presented in Figure 3.
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Market/Users Managers QA Auditors / AD personnel
Representatives

Surveillance

2 4 --
Internal Audit | B 5
Technical Audit { 5
Airworthiness
Directives 1 -- 5
Figure 3. Custorer Selection Matrix for the WebSAT survey.
Subjects for the survey

There were six subjects including the menager for each work function and
hence a total of 24 subjects from the Quality Assurance department of FedEx
wo were rardomly selected for the first iterarion to firalize the gooraoriateness
of the process measures. Definitians were refined based an their irputs to the
survey . Twenty subjects from other partnering airlines were asked to take a
survey to further validate the research team’s findings an the process measures.

Survey design

The survey was designed to last a meximum of 60 minutes for each of the
three work functions: surveillance, auditing, and airworthiness divectives. The
questians were of two kinds. There were Yes or No response questions, and
geen-ended questians. Trrespective of the nature of the questians, each question
had a field for the caments of the persarel taking the survey.The reason for
this was that the team wanted detailed feedback from the subjects taking the
survey because of the regulated rnature of the aviation industry.The team felt
that if there were aspects which the subjects were not in agrearent with the
research team, the team wanted a detailed explanation fram the subjects. See
Figures 4a ard 4b for survey screenshots.

All the participants of the survey were given the same set of questians. The
participants takirng the survey were ot idantified. Withro idarifiers, the WebSAT
team would not know if the regponses were from a manager or some other
persarel lower o the hierardy . Each survey hed a 1irk to an individal definitias
docurent for each work fimction, which provided the detailed definitions and
soope of each process measure. The initial part of the survey asked the
participants an how they performed their day-to-day work routine. It also asked
if the participents categorized their arrent work processes. Further into the
survey, the questions became more specific to the process measures ard their
utility to the participants. The participents also were asked to rate the inportance
of each process measures. The survey also included questions on the
redundancy, firdtiaslity, and purpose of the process measures as presented
in the definitions document. The survey included 21, 14, 7, ard 5 questians for
the surveillance, tedmical adits, intemal audits, and airworthiness directives
survey, regoectively.
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Figure 4a. survey Screenshot — First screen the participant sees before
taking the survey .
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[12] The foll g are the sur 1 € process measures defined in the WebSAT Surveillance Process
Hzaluml 1 verification Surveilance, Final Walk Around,
tati o, Fmrlllt Su n and Procedures Manual Violation. Please rank these

©
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Figure 4b . Survey Screenshot - Questions’ screen.

The progranming effort required HIML, PERL scripting, and the usage of the
ogi-bin on the Clemson engineering systems network. The data in terms of
respanses were stored in text files (.txt) with the date stanp in the agi-bin.
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Results

The identified process measures for different processes are given below:

Process measures for Surveillance
1 Inprocess Surveillance: Tt is the act of doserving a maintenance task that

is arretly in work. The an-site surveillance representatives will select
certain work cards, 2D driven work cards, HOs, EAs, and non-routines
and doserve the task being accomplished by the vendor mechanic or
inspector to ensure carpetency, correctness, and adequacy of the
custamer’ s paper work to conplete the task.

. Verification Surveillance: It is the re-ingpectian/re-accarplishing of

corpleted work cards, 2D driven work cards, EOs, EAs, and non-routines
that are signed off by the vendor persamel as “Complete.” No additianal
regpening of access panels that have been closed or disassenbly of the
alrcraft or assistance fram vendor persamel will be required unless poor
workmenship or other conditions are evident during the surveillance.

Fimal Walk Aroad: It is a surveillance of the aircraft at the ed of the

scheduled maintenance event that checks the general condition of the

aircraft usually after the vendor has conpleted the work soope assigned.
For example: dovious safety, legpl fitress, airworthiness itams, general
axditiom, clesnliness, and aopletaress of the aircraft’ s aodpit, lavatary,
landing gear wheel wells, ard that all access parels are praperly installed
ad there is ro imtication of fuel, oil, ar lydraulic lesks.

. Doaurentation Surveillance: This surveillance is performed an the vendor’s

doaumented system to validate the quality aotrol, tedmical data cofrol,
inspection, and work-processing programs, as presented in C.A.S.E.
standard 1-A (Revisian 45- 1/7/2004) . The verdor should e dble to provide
the required docurents ard certificates upon request.

a Certificatians: This surveillance esures that the certification program
inchudes certificates, goeratians specifications, licenses, repair
tecdmnician certificates, anti-drug and alcchol misuse program
certificates, registratians, and cgeebilities listing required by the Gade
of Federal Regulatians for any individual, eguiprent, or facility. Rx
detailed instructions ard a description, refer to C.A.S.E. standard 1-
A sectim 2.

b Quality Gmtrol: This surveillance ensures that the quality confrol
program includes procedures and operations, which must be
described in a quality aotrol meruel or other aporopriate document.
For detailed instructians ard a description, refer to C.A.S.E. stardard
1-A section 3.

¢ Ingpection: This surveillance ensures that the inspection program
includes procedires to maintain an up-to-date roster of supervisory
and inspection persamel who are appropriately certified and are
familiar with the inspection methods, tedmiques, and equipment
that they use. For detailed instructions ard a description, refer to
C.A.S.E. standard 1-A section 4.
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Teclnical Data Program: This surveillance ensures that the tedmical
data program requires all the maintenance operations to be
accorplished in accordance with custorer’s marwals. It also
ascertains that the vendor has a docurented system to maintain
arrett tedmical data and a mester aopy of each meruel . For detailed
instructians and a description, refer to C.A.S.E. stardard 1-A sectim
6

Work Processing: This surveillance ensures that there exists a
docurented system for all the programs and procedures that the
vaxor adopts for training, identification of parts, and use of
appropriate tools, and keeping the equiprent in good condition to
perform a maintenance task. For detailed instructions and a
descriptian, refer to C.A.S.E. standard 1-A section 13.

Tool/Test Equipment: This surveillance ensures that the tools and
the test equipment used by the vendor for maintenance are frequently
calibrated to the required standards. Tt also ensures that the tools
ard the test equipment program includes identification of tools ard
test equipment, identification of imdividuals respasible for the
calibration, acooplishment of periodic calibratians, ard applicable
tolerance ar specification. For detailed instructians ard a description,
refer to C.A.S.E. standard 1-A sectim 8.

5. Facility Srveillance: This surveillance is perfamed an the vador’' s facility
to validate the ghelf life antrol, hausirg ard facilities, storage, ad safety/
seaurity/fire protection programs, as presented in C.A.S.E. standard 1-A
(Revision 45- 1/7/2004) . The verndor should inpleament prograns to maintain
the facility and prevent damege, meterial deterioration, and hazards.

a

b

c

d

Self Life Gutrol: This surveillance ensures that the verdor describes
in their menel a shelf life program, procedre, ard a detailed listing
of perts ard meterials, which are suojected to shelf life. For detailed
instructians ard a descrdption, refer to C.A.S.E. standard 1-A section
1

Storage: This surveillance ensures that the vendor identifies,
maintains, and protects parts arnd raw neterials during a meintenance
evart. For detailed instructians ard a description, refer to C.A.S.E.
standard 1-A section 12.

Housing ard Facilities: This surveillance ensures that the vendor
houses adequate equipment and material, properly stores sugplies,
protects parts arnd sub-assenblies, and ensures that the facility
has adequate space for work. For detailed instructions ard a
description, refer to C.A.S.E. standard 1-A sectio 10.
Safety/Security/Fire Protectian: This surveillance ensures that the
verndor provides adequate safety, ssarity, ad fire protectio at the
maintenance facility. For detailed instructions ard a descriptian,
refer to C.A.S.E. standard 1-A sectim 11

6. Prooediures Maruial Surveillance: This surveillance ensures that the vendor
is coplying with the requirements set forth in the custarer maintenance
marual, and the conpliance requirements presented in the vendor
Inspection Procedures Marwal (IPM) or Repair Station Marwal (RSM) .
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a Customer Maintenance Manual Compliance: This surveillance
requires the vendor to comply with programs, documented
procedures, and standards described in the custorer maintenance
merual .

b Vendor Inspection Procedures Marual Conpliance: This surveillance
ensures that the vendor conplies with programs, documented
procedures, and standards described in the vendor IPM or RSM.

The other data capturing modules in surveillance, which facilitate capturing
of the data but are not process measures of the surveillance work finction, are
given below:

1 Additional Findings Module: This module documents additional
information pertaining to surveillance work darain. However, te
categories in this module listed below do not hold the vendor
regpasible for the findings dotained. This module helps the
surveillance representatives to document ary informetion both
tedmical and non-tecdmical, beyond the work soope of the scheduled
maintenance event. Note: Although these categories are not process
measures, the findings dotained from this module are documented
and reported through WebSAT.

a Infometion: It includes the surveillance activities ard data that the
a-site surveillance representative needs to docurent for
informational purposes.

b Adrcraft Walk Around: This surveillance category is to be used anly
for those tedmical findings that carmot ke traced to a scheduled
maintenance task and are beyond the current work soope of the
scheduled maintenance event.

2. Fuel Surveillance Module: The fuel vendor surveillance module
evaluates the fuel vendor’s goeratianl systam, fueling equipment,
reaords, ard the quality of the fuel.

Process Measures for Internal Audits

1 Administration: This process measure ensures the departments’
ability to manage up-to-date documented systems and ensure the
adequacy of various programs followed in-house.

2 Training: This process measure ensures that the employees of the
departments within the orgenization are trained properly, and have
the required certification to perform qperatians.

3 Records: This process measure ensures that the required records
are mede available for review by the departments within an

4 Safety: This process measure ensures the overall safety aspect of
the departments within an orgenization.

5 Mauals: This process measure verifies the tedmical data, maruals,
arnd forms provided by the departments within an orgenization.

6 Procedures: This process measure ensures that the maintenance
ard flight gperatians departments adhere to federal aviation
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regulatory guidelines and corparty departmental policies while
executing various operations within each program.

Process Measures for Technical Audits
1 Compliance/ Docurentation: This process measure verifies

2

docurentation systems, authorization of persamel and

administration requirements of vendors ard sub-contractors. The

process measure includes items such as quality programs, maruals

ard fams aatrol, 1list of authorized persas, certification, certificare

forms, etc. Listed below are sare of the items that may occur in a

tedmical audit dhecklist and will be evaluated by this process

measure.

Quality programs

Cartificate fams

Internal adit ard sirveillance

Maruals and forms control

Paper work aantrol

Administration requirenents

Inspection: This process nmeasure verifies the certification of the

ingpector, the existence of acceptable sampling procedures of parts,

aarpliance of parts to specificatians, ard the validity of the

ingpection stamps at the vendor location. Listed below are sare of

the items that mey ccour in a tedmical audit checklist and will ke

evaluated by this process measure.

a. Fuel inspection (Fuel truck inspection, Fuel farm ingpectio,
Hydrant inspection)

kb Inspection programs

Facility Goitrol: This process measure verdifies the vador facility for

shelf life aotrol, housing ard facilities, storage, and darece

protection programs. Listed below are sare of the items that may

ocoarr in a tedmical auxdit checklist and will be evaluated by this

process measure.

Housirng ard facilities

Material aotrol ard storage

Segrecption of parts

Packaging

List of delf itars

Practices to prevent damege and carmibalization

Shelf life cattrol ard nererial starage

Training and Persamel : This process measure verifies that the vendor

arployees are properly trained, and have the required certification to

perfam qoeratians. It also verifies the supervisory persarel ,

inspection persamel, retum-to-service persarel, arnd persarel

resomsible far various progrars in the facility like shelf life, tedmical

Gata, calibratim etc. Listed below are sare of the items that may

ocarr in a tedmical audit dedklist and will be evaluated by this

process measure.

o Hho QoW

o Hho QoW
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a. Hrployee training
b Verification of persarel
c List of authorized persamel

5 Procedures: This process measure verifies that the vendor adheres to
regulatory guidelines while executing varicus goeratians within each
program such as shipping procedures, NOT evaluatians, ard Aircraft
deicing prograns at the vendor facility. Listed below are sare of the
itars that may ocour in a tedmical audit checklist and will ke
evaluated by this process measure.

a Shipping procedures
b Tool and test equipment (calibration & measurement) and
procurement

Scrapped parts

Work processing

Processing

Process cantrol

NOT evaluation

Precision tool aotrol

Aivcraft anti-tipping ard tether maintenance

Aircraft deicing program

Weight and balance

Weighing scales

Ramp operation Note : The findirgs of ranp activities related to

administration requirements, employee training, and dangerous

goods are not included in this process measure - Procedures. ’

6 Data Cotrol: This process measure verifies the availability of up-to-
date tedmical data for parts at the vendor ‘s fadility . Tt alsoverdifies the
idetification of parts to their testing reaords ard validates the fuel
audit records. Listed below are sare of the items that may occur in a
tedmical audit dhedklist and will be evaluated by this process
measure.

a Tedmical data aotrol

b Record keeping

¢ Rel records (Fuel facility records, Fuel vehicle records, Pipeline
fuel receipt records, Transport truck fuel receipt records)

7 Safety: This process measure doserves the safety of the vendor
facility . Listed below are sare of the items that may occur in a
tedmical audit dhedklist and will be evaluated by this process
measure.

Safety

Fire protection

Fire protection and flammeble material protection

Alrcraft maintenance procedures

Dangerous goods

SHAYPE DO HOQAQ

[T s I o a1}

Process Measures for Airworthiness Directives
1 Infometim Vedfiction: This process measure validates the
information presented on AD-related BO/WIC, maruals, and other
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doaurents irvolved with the corpliance of airworthiness directives. It
also verifies infametion related to the 2D status reports.

2 ILoading and Tracking Verification: This process measure verifies the
adequacy of the activities irvolved in the loading ard tracking of
airwarthiness directives, inchuding inspection intervals.

This survey was an attenpt to wderstard if the identified process measures
entirely capture all the relevant data from each department and clearly
commicate their purpose. Hence, the data was mostly subjective generated
from ‘Comments’ section. This paper does not report any quantitative analysis
of data. However, there were questions in binary form that give the runoer of
respanses, which indicate conplete satisfaction with the identified measures.

Tre results fram the first survey, which were utilized in refining the identified
process measures, have shown that these process measures evaluate the
respective work functions precisely. In surveillance, four of the six respmses
(66.7%) indicated that these process measures were precise to evaluate
surveillance process. However, two respanses indicated that the metrics in the
additiawl firdings module - “nfometiay” and “aircraft walk aromnd” nesded to
be incorporated as process measures rather than other modules. For intermal
audits, two respanses of the six (33.3%) have indicated that the process
measures do not capture data fram the Air Transport Oversight System (ATOS)
ard hence do not capture the data relevant to the intemal audits department in
its etirety . The results dotained fram tedmical audits have indicated that these
process measures capture all the relevant data from the tedmical audit

department and also comumnicate the purpose of each measure appropriately.

However, ane response indicated in the coments section that the process
measure oarpliance/docurentation should also verify the regulatory conpliance
ard documentation standards of sub-aotractors of the airline. All of te
respanses for airworthiness directives have indicated that the given process
measures capture all the data relevant to ADs.

Discussion

There were 17 process measures initially in the surveillance work function.
The interaction of the research team with the quality assurance persarel from
this work function provided the team with the insight that 17 is a very larce
muber for humans to remember. In spite of trainiry, it caddle a dif failt taskto
acaarplish an the shop floor. Moreover, the surveillance representatives are
more fooused an issues directly related to the aircraft then capturing data for
later aralysis. For exanple, if a discrepancy or defect is identified by a
representative that has not been fixed by the vendor persomnel, the
representative’ s primery attention is foaused o trying to fix the defect rather
then collecting data an this issue. Although the surveillance representatives
perform data aollection an a daily besis, it is a secodary task to tham, where
the primary tagk is to attad to the safety of the aircraft thet is ready to leave the
meintenance facility . n the other hard, the percosption of the menegers is dif farat
fram that of the quality assurance representatives. They went the representatives
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to record data fram different work cards an which they perform surveillance.
They are cocermed that an adequate sanple of data acguired fram the surveillance
activities performed by the representatives needs to be recorded to facilitate
data analysis. Hence, the menagers felt that 17 was an optimum rurber of
process measures to capture data an all the aspects of surveillance. With this
scenario, the team had to strike a balance between the perception of the
menagers and the representatives to come up with a reascnable number of
process measures.

Considering humen limitations on processing information, the team adopted
a total of six process measures for surveillance, which fall in the range of seven
plus ar mirus two Miller, 1956) . Rrther, there are two other modiiles that captire
data from surveillance work function. However, these are not process measures
that are required to be menorized by the QA representative. There are often
anamalies in deciding into what process measure a particular work card would
fall. Thouoh the definitians of the existing process measures were not anbiguous
to the menagers, they often were oonfusing to the representatives. In view of
these things, the research team tried to eliminate the anbiguity by reducing the
rmumber of process measures and incorporating sub-categories in sare of these
process measures. This allowed the representative to choose from the given
optians, rather than memorize them. For example, the research team identified
a rew process measure called “Facility Surveillance” ard incorparated the arrently
used measures like ‘Housing & Facilities’, ‘Shelf Life Coitrol,’ and others that
have been borrowed from C.A.S.E. standards as sub-categories in this primary
measure. Additiawlly, a lot of anbiguities in dhoosing a process measure for a
given discrepancy arising fram procedures meruels violation used by the vendors
arnd the carpary and that of C.A.S.E. standards were identified. Further, te
quality assurance persarel of the carpany have to be aware of the details in
the procedures maruals of vendors at different locations and the corpary’s
merwal. In order to assist the persamel in this regerd, the research team
corbined these two measures in to one measure called “procedures manual
violatiay” so that the data can be captired ansistently into ae process nmeasure.
There are advantages of having both these process measures because it provides
the menagers with an insight into the vendors’ regulated procedures ard the
discrepancies that exist between vendors’ and compary’ s procedures. Hence,
Vendors Inspection Procedures Marual’ and ‘Company General Maintenance
Manual’ are provided as sub-categories in the Vendor Inspection Procedures
Marwel. The survey results showed that the perticipants perceived no anbiguities
in the identified process measures.

Y2 ditiael Findings” modile further has two sectians in it ramely ‘Infometion’
ard ‘Alrcraft Walk Around.’ Informetion includes the surveillance activities ad
data, which the an-site surveillance representative needs to document for
informational purposes and does not, necessarily, hold the vendor agginst these
occurrences. For example, this data could provide details on a discrepency
identified in the compary’s own merwals, which would eventually help the
aarpary to refire it for funre use. The other sectian, ‘Aircraft Walk Around’
captures data an arty tedmical anamelies found an an aircraft, which are beyod
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the scope of the scheduled maintenance event. Every attempt has to be made
by the surveillance representatives to meke sure that the finding is not part of
the scheduled maintenance event and hence carmot be measured by the process
measure-verification surveillance. This metric also does not hold the vendor
respansible for the finding because his sogpe.

As mentianed earlier in the results sectiom, two responses indicated that
‘Infametian’ ad  Alrcraft Walk Around’ needed to be considered as process
measures rather than a different module. They have also indicated that these
measures help the representatives to docurent ary inportant informetion related

to the maintenance event and bring it to the notice of the menagers. However,

after carefully uderstarding the ratiawnle behird this altemative, the research
team reached a aonsensus to retain them in an additional findings module for
two reasms: 1) the vendor is not held responsible for these findings; 2) the data
can still be oollected ard aralyzed to report the findings. Hence, these do not
measure the process but are events that need to be recorded for later reference.

The fuel surveillance module has been identified by the team as a different
module and not necessarily a process measure. Facilities in which fuel
surveillance takes place will record the data in this module. Also, fraom the
knowledge gained by the research team it is uderstood that fuel surveillance is
dxe aily in a few locatians. Additiawrlly, this fuel data is collected ddrg the
routine amuel adit.

For intermal audits, the team carefully discemed the exdsting measures and
reached a amsensus that these adequately capture the relevant data to measure
the process in the intermal adits departient. Two regpanses of six in the survey
have indicated that the process measures do not capture data fran ATOS. The
team did not take into cmsideration those measures, which lock into ATO S
because of the project sooping issues. The team identified that ATOS was not
mandatory to a company, however, was a very good business practice. This
supported the team’ s decision on not implementing ATOS in WebSAT. Hence,
the team went ahead to the next survey with other airlines incorporating the
existing murber of six process measures.

The tedmical audits group did not have any process measures in place but
hed several dhedklists far variaus types of vadars. The questians in this dedklist
were process specific and were grouped into categories based on the
requiraments they address. The research team tried to understand the nature of
these checklists and grouped various categories into process measures. The
basis for these process measures are C.A.S.E. standards. The team addressed
all the dhecklists that are related to the tedmical adits grap. There are fuel,
maintenance, and ranmp audit checklists on one hand and there are other
chedklists far varicus types of suppliers. The identified process messures evaluate
the standards ard procedures of suppliers, fuel vendors, ard ranp goerations at
a system level ard ensure the conpliance with FARs, and established compary
policies ard procedires. All six respandents in the survey comented that
these process measures effectively evaluate the tedmical audits process and
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also clearly camunicate the purpose. They also indicated that there are no
ambiguities in these process measures.

The respanses fram the airworthiness directives department indicated that
the process measures capture all the relevant data in the 2D department regarding
tte 2D oontrol process. The responses also indicated that there are many
tasks assigned to 2D group that are anly remotely associated with 2D control
process and hence the process measures cover anly the AD control process
but ot the other activities assigned to the group. This infametion indicated thet
the identified process measures adequately evaluate the 2D aontrol process.

The team sought an importance rating on the identified process measures
far each of the wark functians. Although, sare of the respadents indicated the
inportance rating, from a safety perspective it wes identrified that all these
process measures are equally inmportant and hence carmot be ranked. Al the
process measures are required, equally, to evaluate the respective processes
e fectively ard ef ficietly. For exanple, in 2D group, if the process measure
‘informetion verification’ shows thet the information is good but the loading ard
tracking is not done correctly in the conputer, the process will fail as the wark
will rot e doe per the time axstraint. n the other hard, if the infometio is
bad and gives inmproper work instructions to the maintenance tedmician but it
is lcaded ard tracking correctly in the canputer, the process will fail as the
work will ke doe within the deadline but it will ke doe incorrectly.

Conclusions

Tre survey provided a qualitative agporoach of validating the identified progess
measures. The definitions of these process measures were refined based on
the inputs provided by the participants in FedEx. The results dotained from the
second survey should further validate these process measures, which would
eventually achieve standardized data collection through WebSAT across the
aviatim imdustry . After the aarpletion of the first phase, the team will go ahead
with Phase 2, which is the tool development.
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Abstract

A laboratory experiment was performed to befter understand the
effects of visual conditions on pilot performance, workload, and
situation awareness during a simulated approach to a regional
airport for both VFR and IFR flights. Eight VFR-only pilots and eight
IFR-rated pilots performed landing approaches during daytime,

nighttime, favorable weather, and deteriorating weather conditions
using a medium-fidelity flight simulator. Few differences were found
between VFR-only and IFR-rated pilots, or within each of the two
pilot groups, in terms of objective flight performance. However, key
differences in workload and situation awareness were exhibited

between VFR-only and IFR-rated pilots, and within the two pilot
groups, when conducting an approach under varying environmen-
tal conditions (nighttime, deteriorating weather). Understanding

these performance differences in pilots during VFR and IFR helps
inform the design of technologies to meet the demand of future

aviation challenges.
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Tntrodxction

Nurerous flight similator studies in the laboratory have been performed to
study pilot perfomence in sugport of future Geeral Aviation () enviraments
that irvolve the concept of free flight and the emergence of new tedrologies.
Free fligt is defined as “a safe ard efficient flight goerating capsbility uder
instrurent flight rules (IFR) in which the goerators have the freedom to select
their paths ard speed in real tine” (e.g., Braue, Jalms, & Bittrer, 1996, pp.102-
105; Scallen, Smith, & Hanoock, 1996, pp.68-76) . In this cperating system, the
pilot/aircraft systam is regoasible for the air traffic cotrol function ard the
aircraft itself will be able to ‘self-sgarate’  from ather traf fic in the vicinity . Tnthe
fubre A ewvirament, the role of the pilot will dhange fran a meruel catroller
to a supervisary axtroller . This gradual change requires thorough humen factors
research in arder to ensure the safe transition to free fligt (Braure et al., 199)
ard to integrate new aviation tedrologies that will sugport these fubure aviation
enviromments. This present study examined the current GA envirorment
(gcifically, final agorcach) and helped provide baseline data for futire research
that may examine new aviation tedrologies, for exanple. In this experiment, of
interest was how the introduction of poor weather coditions and nighttime
operatians affected pilot performence, workload, and situation awereness for
Ioth pilots wo fly by visual flight rules (VER) ard TFR. The difference between
VER-anly arnd IFR-rated pilot performence was an inmportant factor to amsider in
relation to the design of future aviation tedrology ard systems. That is, TFR-
rated pilots can ke regarded as having a higher degree of training than VFR-anly
pilots, ard teclnology used during instrument meteorological conditions (IMC)
when flight is cotrolled anly by reference to instruments, not cutside visual
information, can be regarded as further alayg the tedrological contirmum then
tedmology used during visual meteorological conditions (WO) .

Previcus literature suggested that there is less risk during the approach and
landing phase of IFR flights as corpared to VER flights (Bemett & Scwirzke,
1990; Bamett & Scmirzke, 1992). In fact, the data suggested that there is a
two-times greater accident risk for VER flights during these operatians. The
authors’ finding was based an the analysis of accident data as reported by the
Natiawl Transportation Safety Board (from 1979-1988) and the Statistical
Handbook of Aviation (U.S. Departieart of Trangportatian) . Bamett and Sdwirzke
(1992) also fourd that sirgle pilct IFR accident rate durirg nichttime is alnost 8
times the accident rate of day IFR approaches and 2.5 times the accident rate
of day VFR approaches.

Wilson and Harkins (1994) measured pilot workload in an actual flight
experiment using a Piper Arrow gaeral aviation aircraft. The authors compared
several segrents of both IFR and VER flights (e.g., VER takeoff, VER clinb aut,
VER cruise, VER landing, IFR cruise, IFR hold, TFR landing) . Using brain wave
measures (EHG) and subjective ratings (NASA-TIX), the authors found a higher
level of pilot workloed with the subjective ratings during IFR apprcaches than
VER aporoaches. In a similar field test using a Piper Arrow aircraft, Wilsm
(2002) gererally fourd higher levels of warklcad for pilots during TFR flight
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segrents (especially IFR instrument landing system tracking) than during VFR
flight segments using both psychophysiological measures (EHG, heart rate,

eye blirks) ard subjective rarings.

The current study examined dojective pilot performence, workload, and
situation awereness for both VFR ard IFR flights during final apgproach with
several hypotheses. First, significant differences in performence, workload, and
situatim amareness were not expected to be doserved for TFR-rated pilots across
weather caditians as TFR-rated pilots often rely an their instrumentation during
an aporoach and not the extermal view for the visual portion of the approach.
However, TFR-rated pilots were expected to experience poorer perfamence, greater
workloed, and reduced situation awareness for night gperatians. This hypothesis
was based oan previous accident statistics that suggest single pilot IFR accident
rare during nighttime is almost eight times the accident rate of day TFR agorcaches
(Bermett & Sclwirzke, 1992) . VFR-anly pilots were expected to show poorer
performence, greater workload, and reduced situation awereness in deteriorating
weather conditions and in nighttime operations as these are major causes of
GA VFR accidents (e.g., Goh & Wiegmarn, 2001; Leland, 2001; O'Hare &
Smitheram, 1995). Previocus research suggested that poor pilot situation
assessent is a mejor aontributor of VER flights into adverse weather conditians
(Wiegmarn, Goh, & O’Hare, 2002) .

Firelly, VFR-anly pilots were expected to have poorer flight performance,
greater workload, and reduced situation awareness compared to the IFR-rated
pilcts since TFR pilots udergo grester training and can rely an their instruments
during nighttime and poor weather conditions. Much of a pilot’s anbient vision
(peripgheral visual infometion) is lost at nidht (e.g., Mertens & Lewis, 1982;
Ielard, 2001), suggesting that VER is more darngerous then TFR during nighttime
oceratians. The loss of peroeption of the horizan and motion cues during night
VER suggests lower situation awereness (Leland, 2001) . In amtrast, instrument
training disciplines a pilct in attention menagament and disciplines a pilet to
ignore false sensory perceptions ard “believe” in the instrurents (Ieland, 2001) .
VFR-anly pilots would also seem to be at a disadvantage when interpreting
changing weather conditians canpared to TFR-rated pilots. The gradial transition
from minimum visual meteorological conditions (VMC) to instrument
metecrological caditions (IMC) could meke discrimination of weather caditians
difficult for VFR-only pilots (Goh & Wiegrarm, 2001) .

This study was part of a larger research endeavor that examined humen-
machine performence in a GA envirament using a combination of laboratory
experimentation and field study (Saleem, 2003). This paper reports an the
labaratary results fram this laroer research effort.

Method
Participants

Atotal of 16 pilats, eight VFR-aly pilots with o instnurent training (autside
of the nomiral instrument training received during the instruction for a basic
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pivate pilct 's license) and eight TFR-rated and current (as defined by Federal
Aviatio Regulatians) pilcts, were recruited for the laboratory study . Participants
were at least 18 years of age ard participation was equally available to both
meles ard fenales. In addition, all perticipents possessed a pilot’s license ard
pilots performing instrument approaches were IFR certified and current. Each
perticipat’ s prior flight experience was recorded (VER, cross-coantry, IER,
similated, and total hours). No other exclusions were used in selecting
mrtj_c]ml i ]1:S.

Apparatus

Tre flight similator used for this stdy wes the “IATE’, which is merufactured
by F1yELITE and is FAA certified for TR instuction. The iGATE is carprised of
an instrurent penel with a flat-screen monitor an which all items except the
radio stack and oontrol elarents are depicted. The iGATE can be oonfigured to
similate several different QA aircraft; for this experinent, it wes anfigured to
portray the instrurent parel of a Cessra 172. Qut-of-window view was limited to
the ugper-third portiom of the 19-inch flat-screen similator monitor (1024 x 768
resolution with 16-bit color) . Relative motion of moving through the elarents
such as clouwds ard fog are given by slight color changes in the out-of-window
view.The rumay appears gradually aut of low visibility coditians. Since the
flight similator did not have a peripheral aut-of-window view, VFR approaches
were a direct agoroach to the rumay without entering a traffic pattem.

The system is equipped with an ‘experimenter’s statian’ in the form of a BC
located autside the testing room which is camected to and aotrols aspects of
the similation. Live video of the similator room was captured using a camera
ard was presented an a video mmitor located next to the experimenter’s station.
Tre walls of the similator room were lined with acoustical foem. Realistic aircraft
sourds, produced by the similator, predominately engine noise, were charmeled
through an amplifier and were presented through two speakers at a sound
pressure level of 85dRA to approximate the actual engine noise of a Cessma
172. Participants wore an active noise reduction aviation headset during the
experiment to minimize noise exposure and add realism to the similation.

Procedure

Experimental design and independent variables. Tre flidht similator
experiment followed a 2x2x2 mixed-factors design. The three independent
variables were pilct type, daytime/nighttime, and weather. Pilct type, VER-aily
and IFR-rated, was a between-subjects factor. Daytime/nighttime and weather
aaditians were within-subjects factors.

Tre two levels of weather were static, clear weather ard dyramic, deteriarating
weather . The static, clear weather level represented ideal weather coditions
using unlimited ceiling ard visibility . During daytime, this weather level served
as the antrol. The dynamic weather level started with visual metecrological
aaditians (WO) ard deteriorated quickly to instrument metecrological caditians
(IM0) . Specifically, clod ceiling above grord level ard visibility begen at 5000
feet / 5 miles respectively and deteriorated to 4000 feet / 2 miles during the
similation over the course of the apporoach.
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The similated task for the IFR-rated pilots was an instrument approach
procedure with a Cessna 172 (depicted by the i@GTE fligt similatar) to the
Roancke Regicnal Airport (Rumay 33) . VER-anly pilots perfomed a visual landing
approach to the same airport and rumay .

Participant familiarization . Before the experimental session, for purposes of
familiarization/training, participants flew similated daylicht aporcaches to the
Roancke Regional Airport (Rumey 33) with unlimited ceiling ard visibility using
a three-degree aoorcach argle. The training criterion was achieved after the pilot
demonstrated two consecutive successful landings. However, tlhe pilct wes
allowed to continue the familiarization session for up to ae hour . A trainirg
criterion of two consecutive landings was established such that pilots could
daastrate at least an ability to successfully aotrol the fligit similator in
idesl flying aoxditians. All perticipats met the trainirg criterion. The average
ninber of trials requived for aarpletion of the familiarizarion training wes 2.5
SD =0.53) for the TFR-rated grap ard 3.25 (SD = 1.16) for the VER-anly grap.
After participants conpleted the familiarization procedire, they were given a
ten-miruire bresk before the experimental trials began.

Experimental session . Begirnirg at a predetermined distance from the airport
(i.e., ten nautical miles), both pilot types performed landing agoroaches using a
three-degree approach angle with each of the four treatment corbinations of
weather and day/night. The starting altitude for each scenario was 2722 feet
above graurd level . Thus, pilots were never above the ceiling. Rather, deteriaatig
visibility (fram five to twomiles) was the limiting factor . The instrurent landing
system (ILS) wes not disabled for the VFR-anly pilots. In order to reduce the
effects of practice an the experimental cutaare, the treatment conditions were
randomly assigned for each participent. Each treatment corbination consisted
of two amsecutive nns (i.e., two landing approaches) . Thus, each participent
perfomed a total of eight landing gpproaches. Pilots were instructed to land
aly if they felt it was safe to do so. Otherwise, they were instructed to perfarmed
a ‘go-arord’ or divert to ancther airport. Each landing nmn was carpleted and
the similation frozen upm a successful landing or if it became apparent that the
participeant intended to abort the landing.

Data collection /dependent measures . Qojective flight-performmence data fram
each participant’s flight soenario (such as deviation fram flight path) was
autametically aollected by the similation software ard written to a local file s
the experimenter’s computer. Several flight-performence variables are
autometically collected by the similator softwere. Fram these variables, the
following measures were aralyzed: total time, flight path angle, heading, pitch
agle, roll argle, altitide, groud speed, irdicated airspeed, vertical speed, IS
glideslaoe course deviation indicator (OI), IS lomalizer AL, throttle irput, flap
eflettim.

Subjective workload was assessed using the Modified Cooper-Harper (MCH)

scale. The MCH was chosen as it was found to be sensitive to changes in
warkload across all types of pilot activities (Casali & Wierwille, 1983, 1984;
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W ierwille & Camer, 1983; Wierwille, Rahimi, & Cosali, 1985). The Situation
Awareness Rating Technique (SART) was used as a measure of situation
awareness for this study. Other measures of situation awareness include the
Sitatim Awareness Global Assessment Technique (SAGAT) (e.g., BExsley,
1995; Endsley, Selam, Hardinen, & Croft, 1998) ard the use of real-time prdoes,
or veral queries posed to the gperator coarrent with agoing geeratians (e.g.,
Jones & Endsley, 2004). We chose to use SART for this similation study so
that we could also use the same 9RT scale in a related field study for
consistency (Saleem, 2003); SAGAT can auly be used for similatians as it
requires the experinmenter to freeze a similation at rendomly selected times.
SART is a measure that provides an assessment of situation awareness based
an gperator ogpinion. The rating scale uses ten independent dimensions that
were elicited fran knowledoe of aircrew ard therefare, the scale has hich exolagical
validity (Taylar, 1990). The ten dimensions are orgenized into three mejor
grogpings or domains: demend, supply, ard understanding. User ratings fram
these domains are conbined to provide an overall situation awereness score for
the system (understanding total + supply total - demend total) . The MCH and
SART scales were administered after each treatment corbination.

Statistical Methods

Multivariate analysis of variance (MANOVA) was performed by using a
carrelation metrix to partition the 13 fligit-perfamence varidoles into three sweller
graups of variables based m areas of relatively hich correlation. Then, amalysis
of variance (ANOVAR) was performed from the data for each flight-performence
measure to wncover significant main effects and interactions. Non-parametric
comparisons were used for the for MCH and SART ratirgs. Soecifically, since
the design was a mixed-factors design, the Wilcoxon Signed Rarnks test was
used for the within-subjects rating scale aomparisans ard the Kolnogorov-Srinov
test ard the Marm-Whitney test were used for the between-subjects rating scale
conparisons. An Algw level of 0.05 was usad far all of the statistical tests.

Results

Flight-Performance Variables

MANO VA was performed for the 2x2x2 mixed-factors design an three graups
of variables where each group was based an logical clusters of variables with
relatively hich correlation. MMNOVA irdicated a main ef fect of Day/Night and an
interaction of Pilct Type ard Day/Night for ane of the groups containing the
following variables: Altitide AGL, TIS glideslope (DI, IIS localizer (DI, ard
flight peth argle.

ANOVA for each of the 13 flight-performence variables was caxixcted for the
2x2x2 mixed-factors design. For IIS localizer (DI, ANOVA revealed a main
e fat of Pilct Type (P = 0.014) . Mean IS localizer (DI value for the IFR group
was 0.002 dots (SD = 0.030), where each dot represents approxinaetely four-
tenths degrees horizantal deviatian from the 3° glide slope centerline. Mean IS
localizer (DI value for the VER group was 0.027 dots (SD = 0.149) . There was a
significant interaction of Pilct Type ard Day/Night for altitude (p =0.029). That
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is, while the mean altitude during the agorcach for TFR pilots ramined relatively
the same across the day (M =1641 ft, SD =35) ardnight (M =1629 ft, SD =398)
aaditians, the mean altitude for VER pilots during the aporcach increased durdng
nicghttime (M =1631 ft, SD = 96) conmpared to daytime (M =1568 ft, SD = 163)
(Figre 1). ANOVA for flidht path argle revealed a main ef fect of Day/Nidht (p =
0.025) . The mean approach angle during daytime was -2.29 degrees (SD =
0.06) compared to nighttime which was -2.27 degrees (SD = 0.06). No other
significant effects were revealed for the 13 flight-performence measures.

AxB Interaction for Altitude

1660

1640
1620
1600
1580
1560
1540
1520

Mean Altitude (feet)

Factor B

Figure 1. Tnteraction ef fect far altitude (doove groard level) . Factor A =PRilct
Type (VFR-only, TFR-rated).

To supplement the 2x2x2 mixed factors ANOVAs, the between-subjects factor,
Pt Type (B), was removed such that separate ANOVAs could be conducted
for each pilct group. Qe significant result was fourd for the TFR-rated group for
flight path angle an day versus night goeratians (P = 0.003) . The mean approach
argle for the TFR-rated group was -2.28 degrees (SD = 0.05) during daytine and
-2.25° (SD = 0.05) dmirg nighttime. ANOVA for the VER-anly graup did not yield
the sare significant result for flight path angle an Day/Night (p = 0.509) . The
mean approach angle for the VFR-cnly group was -2.30 degrees (SD = 0.06)
Auring daytime and -2.29° (SD = 0.06) durirg nidhttine.

Workload

The Kolmogorov-Smirnov Test was performed to test the hypothesis that
VFR-anly pilots would have greater workload than IFR-rated pilots. The test
indicated that there was no significant difference in workload, as measured by
the MCH rating scale, between VFR and IFR pilots (16D8,8 < C_). Ts,
amsidering all caditians, the Kolmogorov-Smirmov Test did rot irdicate an overall
increase in VFR workload compared to IFR workload. The Mann-Whitney Test
was conducted to check for workload differences between VFR and IFR pilots
for each specific cadition ard revealed that VER workload was not significantly
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greater than TFR worklcad for any of the specific canditions arnd was actually
significantly less then TFR warkloed for the aotrol cadition (static, clear weather
durirg daytine) (p = 0.0229) .

The Wilooxon Signed Ranks Test was used for worklcad conmparisons within
the VER pilot graoup. e statistically significant result wes fourd. VER worklosd
was found to be greater with dynamic weather during daytime when compared
to static weather during daytime (with alpha level = 0.055) . Using the same test
for the TFR group, 1o statistically significant differences in workloed were foud
within the TFR graup for any of the caditians.

Situation Awareness

The Kolmogorov-Smirnov Test was performed to test the hypothesis that
VER-anly pilots would have reduced situation awareness compared to IFR-rated
pilcts. The test did imdicate that VER-anly pilots hed significantly lower situation
awareness than IFR-rated pilots, as measured by the SART rating scale (16D
> C ). Cxnsidering all coditions, the Kolmogorov-Smimov Test irdicated an
overall decrease in VFR-only pilot situation awareness carpared to IFR-rated
pilot situation awereness. The Mann-Whitney Test was conducted to check for
situation awareness differences between VFR and IFR pilots for each specific
codition and revealed that VER-anly pilct situation awereness was significantly
less then IFR-rated pilot situation awaereness for each of the specific caditians
o < 0.05) except static, clear weather at nighttine (p = 0.0571) .

The Wilcoxon Signed Ranks Test was used for situation awareness
conparisans within the VFR-anly pilot group. Two statistically significant results
were foud (alpha level = 0.055) . VFR-only situation awareness at night was
significantly reduced carmpared to VER-anly situation awareness during the day
when weather was static and clear.Also, VFR-anly situation awareness with
dynamic weather was significantly reduced compared to VFR-only situation
awareness with static weather, during daytine. Using the same test for the IFR-
rated pilct gragp, two staristically significant differances were ford (alge level
= 0.054). IFR-rated pilot situation awareness with dynamic weather was
significantly reduced canpared to TFR-rated pilct situation awareness with static
weather, during daytime and durirng nighttire.

Discussion

Iy ae of the 13 dojective flight-performence variables recorded by the flight
similator by itself is not necessarily a good indicatar of perfamence for a landing
approach. Rather, using the set of the measures together can provide an
assesgrent of flight performence. To support the hypothesized performance
differences between VFR-anly ard TFR-rated pilots, significant differences across
several of the varidbles were expected. However, MANOVA ad ANOVA revealed
few significant differences between the VER and IFR pilot groups, between day
and night approaches, or between weather conditions as measured by the 13

dojective flight-perfarmence variables during the agorcach to the Roandke Regianl
Aivport. The significant difference far pilct type an IS localizer DI was expected
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as only IFR-rated pilots were assured to know how to use the IS and the
significant results for altitude and flight path angle by themselves are
inoonsequential in terms dojective flight perfamence. Therefare, aur hypothesized
performence differences between the VFR-only and IFR-rated pilots for night
operatians and poorer weather conditions as measured by the dojective flight-
performence variables were not supported.

(mnsidering the TFR group anly, we hypothesized that TFR pilots would exhibit
poorer performence at night than during daytime. This hypothesis was based an
previous accident statistics that suggest single pilot IFR accident rate during
nidghttime is alnost eight times the accident rate of day IFR approaches (Barmett
& Schwirzke, 1992). However, the results of this study do ot sugport this
hypothesis. e cauld argue that since TFR pilots rely solely an their instruments
during an approach, we would not expect to see a difference between nighttime
and daytime approaches. After the pilot readhes the decision altitide durdng an
approach, he/she switches to visual, ard if the rumay is visible, prooeeds with
the landing. The accidents statistics cited by Bamett ard Sctwirzke (1992)
likely relate to this firal viswl partion of the lading since the authars cite the
lack of daytime visual cues during night cperatians as the prdosble cause for
the higher accident rate. In amtrast to daytime versus nighttime approaches,
we hypothesized that there wauld ke no significant difference in flight perfomence
across weather conditions for TFR pilots. This hypothesis was supported by
ANOVA for the flight-performence measures.

Considering the VER group anly, we hypothesized that VER-anly pilots would
experience poorer flight performmence during night cperations and during
deteriorating weather conditions. However, tte ANOVA did ot sugoart this
hypothesis, as VER performence as measured by the dojective flight-performence
measures did not significantly differ during nighttime and during deteriorating
weather as corpared to the aotrol (daytime, clear weather) .

Tre overall ladk of significant differences in terms of the dojective flight-
performence measures suggest that piloting of the aircraft itself is uaffected
when flying caditions becore more diffiadlt, or that the tasks in this similation
were not sufficiently dhallenging to cause significant changes in performence.
While pilots damnstrated their ability to coitrol ad lard the aircraft durding
these conditians, there were several cases, however, where perceived workload
was found to be increased and situation awareness reduced.

VFR-only pilots were hypothesized to experience greater workload when
conducting approaches aarpared to TFR-rated pilots, especially during nighttine
and during deteriorating weather conditions. This hypothesis was based on
previcus literature that suggests that there is less risk during the apporcach ard
landing phase of IFR flights as compared to VER flights (Bemett & Sclwirzke,
1990; Bermett & Schwirzke, 1992). This hypothesis was not supported. IFR
pilots have the advartage of being able to rely solely an the aircrafts’ instnuments
during an approach, no matter what extermal conditions may exist. However, te
act of flying by instruments seems to demand greater workload than flying by
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autside visual references. This was indeed the case with the control condition
for the laboratory experiment. The previcus literature that suggests higher risk
for VER pilots during an aporoach uses accident statistics to measure risk.

However, the accident statistics do not seam to aorrelate well with workleed, at
least during ideal conditions. For this experiment, VER worklcoad was fourd to
e significantly less than IFR workload during daytime and when weather
aaditians were favorable. This result is amsistent with previcus research (e.g.,

Wilson, 2002). When nighttime and deteriorating weather conditions were

introduced, no significant differences were foud between VER ard TFR pilots for
workload. Workload was aonstant for IFR pilots across conditions. However,
VER workload was significantly greater during deteriorating weather than VER
warkload during the aotrol codition, but not significantly different fram TFR
workloed during deteriorating weather conditions or during nighttine. Figure 2
1lustrates these trads.

Workload Ratings

p=0.5416  P=1.0000

O, 5| _£=0.0229

[ IVFR

Condition

Figure 2. Workloed ratings, VFR-anly ard TFR-rated pilots. Static, clear weather
during daytime = SD; static, clear weather during nighttime = SON; dynamic
weather during daytime = ID; dynamic weather during nighttime = IN.

We hypothesized that VFR-only pilots would experience greater workload
during night gperations and during deteriorating weather conditions. This
hypothesis was anly partially sugported, while as VER-anly pilots did experience
significantly greater warkload diuring deteriarating weather, they did ot experiaxe
significantly greater workload during nighttime, as corpared to the control
aodition (D) . Since workload was rot fourd to ke significantly different across
coditions for TFR-rated pilots, the hypothesis that workload would be greater
during nighttime was not supported, but the hypothesis that TFR workload would
ot differ across weather coditions was supported. Since TFR pilots rely solely
o their instruments during an aporoach, the piloting tasks during the aporoach
are the same regardless of the extermal caditians, ard thus it searns reasadble
that worklosd should not differ significantly across caditians for TFR pilots.
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Although defined differently than mental workloed, since situation awereness
is faurd to be correlated with workloed (e.g., Selam, Taylar, & Kordtsas, 1991),
the same hypotheses that were made relating to workload were inversely made
relating to situation awareness. That is, an increase in worklosd would suggest
a reduction of situation awareness. Thus, we hypothesized that VFR-anly pilots
would have reduced situation awareness carpared to IFR-rated pilots during an
aporoach in deteriarating weather caditions and durdng nighttime. This hypothesis
was sugported by statistical amalysis of the subjective SART ratings (Figure 3) .

Situation Awareness Ratings
35.0p==p=0.0227

p=0.0571 P=0.0115  p=0.0291

SART Ratin
o
o

DD

Condition

Figure 3. Situation awareness ratings, VFR-anly and IFR-rated pilots. Static,
clear weather during daytime = SOD; static, clear weather during nighttime =
SQN; dynamic weather during daytime = DD; dynamic weather during nighttime
= [N.

Within each pilct group, there wes a trend for decreasing situation awereness
as exterral caditians becare nare “diffiadlt.” Within the TFR pilct gragp, situetio
awareness with dynamic weather was significantly reduced canpared to situation
awareness with static weather, during daytime and during nighttime. Withinthe
VER group, situation awareness at night was significantly reduced corpared to
situation awareness during the day when weather was favorable. Also, sittatim
awareness in deteriorating weather was significantly reduced campared to
situation awareness with favorable weather during daytime approaches, but not
nighttime approaches. Situation awareness for the VFR pilot group was
unchanged between dynamic weather during daytime and dynamic weather during

nighttine. That is, when weather conditians were poor, with visikility deteriaating
to two miles; it mede no difference if it was daytime or nighttime. During daytime

apporoaches with low visibility, the VER pilot seemed to have already lost the
visual cues that are normally absent in nighttime flying.
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Firally, VFR-anly pilots taded to aottine into deteriarating weather caditians
ard lard the aircraft rarher then doort and divert aut of the poor visibility .As with
previous research (Goh & Wiegmarm, 2001), some of the pilots may not have
perceived the visibility to be below the VFR minimm. However, five of the eidt
VFR-anly pilots were aware of the visibility deteriorating past merginal WC to
IMC for at least sare of the aporoaches by monitoring arrent weather caditians
through the Roancke Autaratic Terminal Informetion Service (ATIS) . However,
they dhose to aottinue with the landing regardless (the flight similator digplayed
aurrent weather conditions in text format alang the top of the mmitor when the
pilot tuned the radio frequency to Roancke ATIS). Those pilots who did not tune
the radio to Roancke ATIS may not have been aware that this function was
available throgh the flight similator. Tt sears thet, at least for this sudy,
participants exercise different judgrent in a similator then during an actual
flight, as the cmsequences of crashing a simulated flight are dovicusly
drametically different fram the cosequences of crashing an actual flight. In
1=elity, Roancke ATC would not have permitted visual landings in IMC. However,
ATC cammnications were not similated in the laboratory, ad thus the behavior
dbserved fram the pilots may have been more applicable to an uwnocontrolled

Results of this study should ke interpreted with the presence of certain
limitations. Situetio amwereness is a dfficult aostruct to measure ard ro sirgle
tool is certain to aapletely capture pilct situation awererness. Also, conparison
of workload and situation awareness between VFR and IFR flights should be
interpreted with caution, as VER fligt calls for a differat set of skdlls ad
awareness than does an IFR flight. For exanple, a pilot mey have a measure of
situation awareness that is acosptable for a VER flight, but not acoeptable for
an IFR flight. In other words, measured differences in situation awareness in ae
cadition may relate to elements that are not relevant to the successful
performence of the task in the other candition.

Conclusions

There were few differences between VFR-anly and TFR-rated pilots, or within
each of the two pilot groups, in terms of dojective flight performence. Whether
coditians were night or day, clear weather or deteriorating weather, pilcts were
able to aotrol the aircraft ard lard it successfully. However, key dif ferences in
workload and situation awareness were exhibited between VER and IFR pilots,
ard within the two pilot groups, when conducting an agorcach under these varying
enviramental coditians. For both pilot groups, there was a trernd for workload
perception to increase and situation awareness perception to decrease as
eviramental conditions became less favorable in terms of nighttime and
deteriorating weather . Between the two pilot groups, there was no dif ference in
worklosd perception except during the control codition, where TFR-rated pilots
rated worklosd significantly greater then VER-anly pilots. However, there was an
overall significant differance in sittation awareness ratings between the two graupes,
where VFR situation awareness was found to be less than that of IFR pilots.
Firelly, VFR-anly pilots demmnstrated a tendency to contirue from marginal
WC into IMC during an approach. That is, VER pilots tended to contime into
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Ceteriarating weather caditians ard lard the aircraft rather then abart the larnding
ad divert ait of the pooxr visibility, even when pilots were aware that visibility hed
deteriorated to IMC. These findings demmstrate key differences in performence
doserved in pilots during VER and IFR, which can help inform the design of
aviation tedmologies to meet the damerd of future aviation systems.

References

Bamett, C. T., & Sdwirzke, M. (1990). ZAmalysis of general aviation accidents
Amring goeratians uder instrurent flidht rules. In Proceedings of the Human
Factors Society 34" Annual Meeting (pp. 1057-1061) . Santa Monica, CA:
Human Factors and Ergonomics Society.

Barett, C. T., & Sdwirzke, M. (1992) . Analysis of accidents during instrurent
approaches. Aviation, Space, and Environmental Medicine, 63, 253-261.
Braue, R. J., Jalms, D. W., &Bitrer,A. C. Jr. (1996) . Hunen factors systems
agineering as a requirarat for the safe ard efficiat transition to free fligtt.
T Proceedings of the Human Factors Society 40" Annual Meeting (go. 102-

105) . Santa Monica, CA: Human Factors and Ergonomics Society.

Casali, J. G., &Wierwille, W. W. (1983). A conparism of rating scale, secad-
ary-task, physiological, and primery task workload estination tedmiques in
a simulated flight task emphasizing comunications load. Human Factors,
25(6), 623-641.

Casali, J. G., & Wiemwille, W. W. (1984). On the measurement of pilot percep-
tual workload: a corparison of assessment tedmiques addressing sensitiv-
ity ad irtrusion isses. Ergonomics, 27 (10), 1033-1050.

Endsley, M. R. (1995). Measurement of situation awareness in dynamic sys-
tems. Human Factors, 37 (1), 65-84.

Endsley, M. R., Selam, S. J., Hardimen, T. D., & Croft, D. G. (1998). A com-
parative analysis of SAGAT and SART for evaluatians of situation awere-
ress. In Proceedings of the Human Factors & Ergonomics Society 42nd
Annual Meeting (pp. 82-86) . Santa Monica, CA: Human Factors and Ergo-
nomics Society.

Goh, J., & Wiegmarm, D. A. (2001). Visel fligt niles flidt irto irstrumat
metecrological caditians: Zn erpirical investigation of the possible causes.
International Journal of Aviation Psychology, 11 (4), 359-379.

Jaes, D. J., & Endsley, M. R. (2004) . Use of real-time praoes for measuring
situation awereness. International Journal of Aviation Psychology, 14 4), 343-
367.

Ielard, D. (2001) . Night VFR...an oxymoron . Retrieved May 21, 2002, from The
Aero-News Network Daily News Brief Web Site: http://www .aero-news.net/
colums/politics/Av8rSoapbox/av8rscapbox2001e . htm

Mertens, H. W., & Lewis, M. F. (1982). Effet of dif ferent rumay sizes an pilct
performence during similated night landing approaches. Aviation, Space,
and Environmental Medicine, 53, 463-471.

Nighttime and Deteriorating Visual Conditions

119



120

O'Hare, D., & Smitheram, T. (1995). “Pressing ay’ into deteriorating weather
caditians: an gpplication of behavioral decisian theory to pilot decision
meking. International Journal of Aviation Psychology, 5 (4), 351-370.

Saleam, J. J. (2003) . Multi-method approach to understand pilot performance in
a sociotechnical aviation system . Upilished doctaral dissertation, Virginia
Tech (VPI&SU), Blacksburg, VA

Scallen, S. F., Smith, K., & Hanoock, P.A. (1996) . Development of a simulator
to investicate pilct decision mekirg in Free Flight. ITn Proceedings of SPIE —
The International Society for Optical Engineering, v 2740. (. 68-76).
Bellingham, WA: SPIE.

Selam, S. J., Taylar, R. M., & Korditsas, E. (1991) . Worklosd or situation aware-
ness?: TIX vs. SART for aerospace systeams desion evaluation. In Proceed-
ings of the Human Factors Society 35" Annual Meeting (go. 62-66) . Santa
Monica, CA: Human Factors and Ergonomics Society.

Taylar, R. M. (1990) . Situatiawl Awareness Rating Technique (SART): the de-
velqarent of a tool for aircrew systams desion. In Proceedings of the AGARD
AMP symposium ‘Situational Awareness in Aerospace Operations’. (AGARD-
CP-478) (pp. 3/1-3/17) . Neuilly Sur Seine, France: NATO- AGARD.

W iegmarm, D. A., G, J., & O'Hare, D. (2002). The role of situation assess-
ment and flight experience in pilots’ decisians to aotime Visual Flight Rules
flight into adverse weather .Human Factors, 44 (2), 189-197.

W ierwille, W. W., & Camer,S. A. (1983) . Evaluation of 20 workload measures
using a psycharotor task in a moving-base aircraft similator.Human Fac-
tors, 25 (1), 1-16.

W ierwille, W. W., Rahimi, M., & Casali, J. G. (1985). Evaluation of 16 measures
of mental workload using a simulated flight task emphasizing mediational
adivity .Human Factors, 27 (5), 489-502.

W ilsm, G. F. (20). An aralysis of mental workleed in pilots durding flight using
multiple psychophysiological measures. [nternational Journal of Aviation
Psychology, 12 1), 3-18.

W ilsm, G. F., &Hakins, T. (1994). EEG and subjective measures of private
pilot warklced. Tn Proceedings of the Human Factors Society 38" Annual
Meeting (pp. 1322-1325) . Santa Monica, CA: Huran Factors and Ergonom-
ics Society .

International Journal of Applied Aviation Studies



TIntematianl Jomral of Applied Aviation Studies, 5, Number 1
Copyright © 2005, FAAAcademy, Oklahama City, OK

Control of U.S. Airlines: An Exploration of Operational
Factors and Performance Among Dispatchers

John W. Sheremeta Jr.

778 Jimmy Ann Drive
Suite 711
Daytona Beach, FL 32114-1342
USA
Email: John.Sheremeta.Jr@aa.com

and
Thomas R. Weitzel

Embry-Riddle Aeronautical University
1914 Sprucewood Way
Port Orange, FL 32128-6671
USA.
Email: trweitzel@cfl.rr.com

Abstract

The purpose of this study was to identify the factors that influence
the job performance of the Dispatcher. Throughout airline history,

the dispatch function has not received the attention it has deserved
in comparison to other professions in the air carrier industry. Today,

the aviation industry, including the Airline Dispatchers Federation

(ADF) and its members, is searching for the factors that have the

greatest effect on the job of the airline Dispatcher. Preliminary re-
search was undertaken to determine factors that may enhance or
hinder the performance of the Dispatchers. A total of 19 Dispatch-
ers were interviewed from both a major carrier and a low-cost car-
rier. The results of the interviews suggested that Dispatchers would
like a stronger backing by management, as well as improved tech-
nology in the workplace.
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Tntrodxction

In the United States (U.S.), the term “dispatcher” is fairly omeric; there are
mery types of dispatchers, such as taxi, police, ard bus dispatchers. For a
U.S. airlire to functio properly, an airline employee whose jdbo performence is
critical is the airlire Digetder . The functians the Dispatdher fulfills an a regular
basis are demanding and inpose a variety of stressors, similar to those
experienced by other critical airline enployees, day in ard day aut.

The jdbo of the U.S. air carrier Digpatcher plays a mejor, legl rale in the
qeeratio of an airlire. The primery jdo of the airline Digpatcher is to work within
tre Airline Qperations Center (AOC) ard provide for flight safety (Rossnore,
1986) . Flight Dispatchers, working within the A0Cs, face intense pressures
such as severe time amstrairnts, flight/work overloed, in addition to exterral
pressure from their superiors. When poor weather prevails, and other factors
aorpord the situation (e.g., in-flight erergencies), the jdo of the Dispatcher
intensifies. Nevertheless, in corbination with the Captain, who has divect aontrol
of his/her aircraft, the flight Disparder mist play an equally inportant lecgl role
in the safety of every fligt.

In additio to the flidgt digeetch fuxtion, the 20Cs typically house numerous
other departments; these comprise crew scheduling, sare form of maintenance
dispatch, lcad control, and the menagament arnd protection of traffic/reverue.
Tre flight Dispatder is at the heart of coordiration of all AOC departments for
safe, ef ficient fligt geeratians; the worklosd can be high. At one major U.S.
airline, Dispatchers may be respansible for hardling up to 30 flights at a time
(Tim Antolovic, personal commication, August 4, 2003) . Other major U.S.
airlines anecdotally report similar worklosds, leading to the generalization thet
the dispatch function within the 20Cs of major airlines can be hectic. The roles
& flidht Dispatchers inchude additiarl factars to be disaussed during the following

In light of the fact thet there has been a dearth of literatire describing the
dual mendate of safe and economically efficient performence required of the
Disgpatcher, this qualitative study has explored a variety of qoeratianl factaors
affecting the individals arratly holding airlire flight dispatch positians.

Review of the Literature

‘The profession of the Flight Dispatcher has evolved with the mary changes
that the aviation industry has undergone” (‘A Brief Histary,” 1998, § 1). Intte
early stages of aviation, pilots of camercial airlines often had to lced meil,
passengers, and cargo into their airplarnes (‘R Brief Histary,” 1998) . There was
very little navigation equipment, no cammication equipment and there was no
vway far the airlines to track aircraft in the esrly days of aviatio. Accidents
increased over the years, lives were being lost, ard a tremendous amount of
money was vanishing due to equipment losses.
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“In 1938, the Congress of the United States passed the Civil Aeranautics Act”
(‘A Brief Histary,” 1998, 2. This bit of legislatio set farth regulatians to meke
cartain thet all the retias ’ air carriers gperared with the highest degree of safety.
e result of this regulatory action was the creation of a new Aimen Certificate.
The Alrcraft Dispatcher was created”( ‘R Bref Histary,” 1998, 2.

“The Aircraft Digpatcher was ard is a groud besed, certificated individual
who, according to the regulations, shares regposibility with the pilot for the
safe coduct of each flight ”( ‘A Brief Histary,” 1998, 3. Today, the concept of
shared regpansibility for the safe operation of a flight remains a shared
regpansibility between the Coptain and the Digpatcher . Over the years, Airaaft
Digpatchers have been known by many names such as Flight Dispatchers and
Flight Superintadents, as well as Flight Gatrollers. ‘No matter what the name,
the functio is the same: ensure corpliance with all applicable regulations and
the parsuit of the highest possible level of air safety” (‘R Brief Histary,” 1998,
3.

The Code of Federal Regulations Title14 Aercnautics and Space (Title14
CFR) Parts 119 ard 121 reguire all schediled airlines, that have aircraft with
more than nine passenger seats, to maintain an appropriate rmmber of dispatch
canters staf fed by FA A certificated Alveraft Digpatchers (‘R Brief Histary,” 1998) .
Digpatching has care a lag way since the early years of aviation. The industry
safety record has spelled it aut.

Today, at most U.S. airlines, Dispatchers work in a dyramic flow ervivament
withinan 20C. (System Operations Control [SOC] and Operations Gontrol Center
(0] are similar lakels for the 20C facility) The proper functioning of this
aatrol cater is vital to the swooth qoeration of the airlire. 2An 2OC is the
central omtrol point for all daily cperatiawl issues irvolving security,
emergencies, weather, aircraft crew coordination, aircraft meinterence routing,
ard overall goeratiarl coordination. A key point to mention about the 20C is
thet it is ot required by regilation; AO0Cs have been implemented by airlines to
improve ef ficiary .

Flight Dispatch is regponsible for developing and disseminating the flight
plan or dispatch release. The dispatch release amtaing all the informetion a
Captain needs to operate his/her assigned flight fran ane city to the next. The
14 CFR Part 121 regulations require a dispatch release. ‘A dispatch release
docurent is required to be prepared by the Dispatcher by 121.633” (olt &
Poynor, 2002, p. 154) .

The digpatch release incorparates the call sion of the flight, tail rinber of the
airplare, the departire fuel lcad, the route ard altitude to ke flown, the origin
airpart, the destiretion airpart, ad (if requived) the altemsre aivport. 2dditiasl
itams to ke taken into account when plaming a flight are special Zir Tweffco
Cntrol (ATC) situations and what are known as NOIAMs. NOTAM is an
adoreviation far ‘Notices to Airmen.”A NOTAM is an advisory issued by the
FRA, an airport, or airline conpany that alerts geerators to local geerating
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anomelies; for exanple, airport construction or a taxiway closed due to
meintenance. Other informetio in the flight plan includes oaxrrent ard forecasted
weather at the airports to ke used, as well as envoute weather caditions like
thunderstoms, turbulence, and/or icing conditions. For exanple, the typical
Dispatcher can now see lightning strikes dencting severe weather in real-time
across the U.S. and divert planes acoordingly .

‘Flight digpatch is a pivotal finction performed at American Airlires . . ., ad
is respmsible far the day-to-day, minite-to minure qoeration of the airline” (Kudwa,
2000, p. 8). Within the airline gperatians centers (A0C), ‘Flight Dispatchers,
meteorologists, crew schedilers, ard other specialists work as a team to ensure
safety ard ef ficiexy” (Wells & Wensveen, 2004, p. 260) . Accordingly, Figre 1
is an illustratio of the coordination ard shared respansibility thet flows from
within the A0C to ATC ard the flidht crews durdrng a typical U.S. air carrder ‘s 24/
7 cperatians.

Airline Flight Crews

ARTCC - .
Controller «— Airline Dispatchers
4
ARTCC Traffic Airline
Movements Systems Operations
Coordinator Center Specialists

> /
Airline ATC
Coordinator Airline

FAA System Command Maintenance
Center Specialists

Figure 1 .2dapted fram: Billings, Shared Respnsibility.

An A0C plans every flight and keeps track of every detail - from the moment
thet a plare initially pushes back fran the gate unril the aircraft parking reke is
set at the gate at the destination. Much of the informetion incorporated into the
product that the Captain receives ocours as a result of coordination of several
departments and outside agencies. The Digpatcher reviews and confirms the
acauracy of the data and ensures that the goeration is in carpliance with all
FAA regilatias. The respsibility of plaming is shaved between the Dispatcher
ard Ceptain. The Digpatcher electranically signs his/her name to the flight plan.
If the Coptain aoncurs with the flight plan, he/she signs the plan and goerates
the flight. However, should the Captain have any questions or concems about
the flidht plan, he/she will cmfer with the Digpatcher via teleghae or radio
comnications regarding possible changes before agreeing to a final plan.
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Once the flight camences, the Digpatcher “fligt follows” it from gate dgoartire
to cate arrival. If sarething wenticipated ocoors durdng the flight that could
inpact the safe goeration of the flignt, the Dispatcher and the Captain have the
respansibility to infarm each other ard develop a revised flight plan. The revised
plan will address the wnenticipated event, where possible, to allow the flight to
omtime operating in a safe marmer. In addition to the doove respasibilities, a
Dispatcher is also respmsible for the coordination of grord sugport activities
associated with mechanically delayed airplanes and unscheduled landings.

To perform their duties, flight Dispatchers must have an FAA airaeft
Digpatcher ‘s cartificate. This is the proof of a coprehensive krowlede of aviation
peratians. In addition to knowing the Federal Aviation Regulatians (FARs) and
campary rules and regulations, they have acquired extensive knowledge of
weather, airtraf fic aatrol, ard the Netiawl Airspace System (NAS) .

A formal Dispatcher training program arnd record keeping system is generally
established in acoordance with the FARs, complemented by even higher comparty
Standards. Fomel grord training ansists of indoctrination, initial, transition,
ard reaurrent training. Specialized training is also provided as necessary for
certain suojects ar aress of qoeratian. Tn addition, codkpit familiarization flights
are accomplished and competency checks are administered.

There are a runber of other departments within a typical A0C. The Navigatiamal
Aids department is regpansible for the worldwide geographic flight database for
the air carrier as well as for other users of their qperating system. Twenty-four
hour aoveracge is provided to insure acauracy of the data (which includes airways,
routes, Navigatiawl Aids, airports, SIDS, SIZARS, etc.) and to aonstruct and
revise, as necessary, all rates in the air carrder ‘s flidght plaming system. Tn
addition, dorestic ard intematicnal NOTAMs are updated and maintained.

Ioad amtrol is conprised of load plamers who are respansible for plaming
the payloed of the air carrder’s flights. For exanple, each menber of the weight
ard balance team may work between 42 to 50 flights from as mery as 10 cities
during his/her 8-hour chift (Arerican Adrlires, 2001) . The plamers are tasked to
plan and calculate payloads that will produce the meximum amount of reverue
for the conparny while similtanecusly providing its custarers with a high level
of service. 2dditianlly, the plarer ‘s strategy must always include the goal of
meintaining the aircraft ‘s cater of gravity in an qotinel position so thet ainaraft
performence is meximized. All this must be doe while working under aggressive
time amstraints ard in a mamer that assures the safety of the aircraft, its
passengers, ard its crew.

The respasibilities of a crew-scheduling department are ancther critical area
far the efficient qoeration of amejar air carrder ‘s flights. Depending uom the type
of aircraft, there are typically between 5 and 15 crewrenbers an a given flight
(cockpit crew ard flight attendants aorbined) . A crew-scheduling department is
acooatable far:

1. Development of a monthly maming plan.
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2 Develgoment of crewnember armmual vacations, training plans, and new
hires.

3 Ruilding flidht allocarias.

4 Creating and awarding monthly trip selectians.

Once all of the above is in place, a crew-tracking department is normelly
roght into the picture. This group monitors the daily flidht gperatians to insure
the correct mumbers of qualified crewmanbers are anboard each flight (pilots
ad fligt attedants). If dortages exdst, utilization of standoys ar reserve
crewmembers becomes necessary. Everyane in this scheduling group must be
cognizant of crew staffing at all times to guarantee thet the efficiency ad
CGepardability of all flights is not compranised.

Over the years, the airline 20Cs, through contracted services, have assisted
thousards of aircrews and ground cperatians staff in meeting their goeraticmal
omtrolardtraum’:gneeds Sare of the areas of specialty are to:

Provide Qperatiamrl Gotrol Solutians for the F2R, the Tnterratiarl Civil
Aviatio Orggnizatia, the Civil Aviation Authority, ad the Transport
Carada regulated carriers.

Make recommendations to airlines regarding methods and standards
in their fligt goeratians aotrol functions inclhuding argpnizatian, jdo
furtiaelity, tedmical procedres, and training.

Develcop training curriculum cutlines and record keeping systems for
initial ard rearrat training in qeeratiasl aatrols ad diseetch functias.

Provide initial ard recurrent groad school instruction to custarers an
subjects such as basic dispatch duties, geeratians aotrol duties, and
practical use of the air carrder ’s Flight Operating system.

Develop and publish merwals for custarers such as standard cperating
procedures and emergency procedures.

Make recomendations for designing an AOC and develop procedural
process flow docurentation and training.

ﬂaexeareseveralkeypointsthatnustberarmberedforanAOC to maximize
its functiawlity: (a) Decisiormeking, (o) minimel supervisian, (©) arelyzirg ability,
(@) teamwork, ard (e) networking.

Erphasizing the repidly changing envirament within an AOC, Weatherson
(2001, p. 16) stated, “The dynamics of the situation changed mirute to minute
and as the munber of diversions mounted, airports becane saturated not only
by oxr diversians hut by other airlines’ as well. ” 20C persamel, as well as
Dispatchers, must deal with these situations everyday. Dispatchers have a
dallenging jdo working in a fast-paced, pressure-filled ewvirament.

A key point to ramenter is that every air carrder 's2OC dif fers to sare degree.
Each AOC is dharacterized by the organizatiawl culture of each airline. A
recognized definition of agpnization adltire is: “The values, beliefs, assurptians,
rituals, synbols ard behaviars that defire a gragp, especially in relatio to other
groups or orgenizations” (Helmreich & Merritt, 2001, p. 109) .
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Hren perfomence is also a mejor factor in all aress of aviatian. “haviatiom
[sic] huren error is closely associated in the eyes of the public - ad in reality
— with incidents arnd accidents” (Hawkins, 1987, p. 27). Dispatchers as well as
marty other professionals meke errors. However, in the case of the Dispatcher,
the errors may prove deadly.The importance of the airline Dispatcher carmot be
over emphasized.

At each U.S. airlire, there are three work groups axsisting of FAA-certificated
individuals: the pilots, the Digpatchers, and the mechanics. Although all three
graups are critical to U.S. airline goeratians, the schediling ard duty hours are
regulated by the FARs for anly the pilots and the Dispatchers. Despite the
dovious importance of the Digpatcher, this is ae individual who has not been
covered in the textbook used for the core aviation humen factors course within
the Master of Science in Aeronautics at Hrbry-Riddle Aeranautical University
(Garland, Wise, & Hookin, 1999).

The soope of this study was to explore the Dispatcher ‘s work erviromment.
The research questians to be answered were twofold: (a) What is the relative
degree of inpartance to the U.S. air carriers’ goeratians of the digpatch functian?
Ard (b) What are sare of the cperatianal factors for certificated Dispatchers
within U.S. air carriers?

Research Design

Exploratory in nature, the study was designed to elicit infometion related to
the Dispatcher ard act as a springooard for further related research. Research
anceming the gperatiaml factors amog Dispatchers has rarely been undertaken
thraghout the gldeel air carrder imdustry . The researcher ‘s intem experience in
the dispatch-training department of a mejar airlire led to an interest in the flight
dispatch operation. The researcher noted sore of the issues associated with
the Digpatdher s jdb finctio, ard given the gpartinity, decided upm the research

Researching ard noting the mary factors that affect the jdb of the Dispatcher
has been highly recommended by the Airline Dispatchers Federation (ADF -a
dispatch orgenizatian), several Netiawl Aercnautics and Space Administration
researchers, and the Dispatchers themselves. Acting upan the desires of the
dispatch comunity, this researcher develaped a list of interview questians to
ascertain what factors directly affected the Dispatcher 's jdb performence. The
papose of this qualitative query evolved to the exploration of any prablem(s)
within flight dispatch gperatians, arnd the recomendatians for improvement (s) .

Survey Population

The tine and resources available permitted two U.S. airlines, a major carrier,
ad a low cost carrier, to provide a conbined sample of 19 Dispatchers who
agreed to be interviewed for this project. All perticipents were FAA certificared
Dispatchers; a requirement to be included in the sanple was to have been in
possessian of the certificate for a minimm of 1 year.
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The Survey Instrument

Alrief list of interview questians was designed that would produce a gualitative
respanse. It was not desirable to limit the responses to a swell, set rumber of
choices, thus all questians were designed in the open-ended format.

The first 10 itams were designed to cather data relating to factors, which
affect the perfamence of the Digpatdhers, while the last six questions dealt with
gathering demographic data. All perticipants were verbally advised, in advance
of cadicting the interview, that participation was voluttary ard thet all resomses
would remain confidential. The instrument was designed to be corpleted within
a time frame of 15 mirutes, which would give the participents anple time to
acaarplish the interview.

Pretest

Prior to coducting the interview, the questians were suomitted for review to
ae wmiversity-level acadamic professianl, as well as an irdividual fram industry
to determire the amstruct validity . This project ‘s advisor, a retired Cgptain from
a mejor U.S. airline, wes the first individal to review the instrurent. Soard
insight fram a 32-year veteran of the industry resulted in sare minor changes to
the interview format to provide for more ef ficient responses. Secadly, a Ramp
Manecer for a mejar U.S. airline examined the interview questians. This irdividual
performed a thorough review of the instrument and recomended a few subtle
changes to the format of the questions, the implementation of which improved
the overall quality of the data-cpthering instrument.

After accarplishing the recomended revisions, the instrurent was tested
o three aviation students at Erbory-Riddle Revanautical University in Daytana
Beach, Flarida. Although these students were not Dispatchers, they were asked
to answer the questians with thelr arrent jdo in mird. The pretest wes sucoessful,,
as perticipants hed little ar ro diffiailty in uderstanding ar answering any of the
questians. No further changes were mede prior to administering the instrument
to the Digpatcher interviewees.

Tmrersion within the Dispatch Community

The interviews were administered via a aarbination of telepghoe cawversations
ard face-to-face encomters. Those interviews conducted in person eluded more
thorough respanses, pradoably as a result of the interviewee ‘s increased trust of,
and oonfidence with, the physical presence of the researcher .As the personal
relatianship develgoed between the interviewer ard interviewee, the Dispatcher
would provide more carplete responses.

The researcher wes irvited to present his preliminary data at the ADF
Symposium in Kissinmee, Florida during Octcber 2003. This symposium
resulted in 2 days of persaal ootact with rumerous Dispatchers, an airline
historian, and several researchers who were also irvolved with the goeratianal
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factars of air carrder fligt digeatch. With irvitatians, the researder also traveled
to the operations centers of three U.S. airlines during Septenber and Octdoer
2003 to doserve the live 24/7 geeratiael factors.

Treatment of Data

After conpleting the interview processes, the data were assanrbled, sorted,
ard analyzed. The demographic data were quantitative, as were the replies to
ae item dealing with hours of slesp. The data that resulted fram the cpen-
ended items were qualitative. The quantitative data fram the 19 respandents
were entered into a statistical package datalase for electranic amalysis. The
qualitative data were sorted and amalyzed with paper and pencil tedmiques.
Quantitative ard qualitative results are presented below.

Demographic and Interview Data

The gender breakdown of the sample was 79% male and 21% female. The
mean age of all participants was 46.3 years, with a range of 26 years (36 years
being the yourgest individual and 62 being the oldest individual). The mean
years of formel education for the 19 participants was 14.4 (16 years being a 4-
year, or accalareate, degree) . The mean munber of years of experience in
aviation for the participants was 23.7. The average runber of years that each
participent had held a FAA Dispatcher certificate was 18.6.

The questions and the responses for items #1-10 follow.The most common
answers (f=a qualitative summation) to the following questions were grouped
together according to their comoalities — an accepted reduction and display
treatment of data resulting fran exploratory research (Miles & Hibermen, 1994) .

Question #1: The results of rarking the replies to the first item (Wt is the
most diffiadlt part of yorr jdo?) are:
Racirg the claock (f=6).
Pricritizing infometiay/infometion overloed (f=5).
Dealing with bad weather (f=5).
Milti-tasgking (f=4).

Tre Digpatchers felt that racing the clodk was extrarely diffiadlt in the aviation
awviramar; the infomation overload tied into racing the clock. Dispatrchers felt
that time was wasted lodking up infametion that shauld be more readily available.
Dealing with bad weather ard the ability to milti-task also presented dif failty .

Question #2: What do you like most about your working envirament? Least?
Most:
Diversity of the jdo (f=7).
Moility to meke decisians (f=5).
Teamwork concept (f=5).
The Digpatchers seared to enjoy the diversity that the jdb offers. They liked
the differences irvolved with each day an the jdb. Dispatchers also liked the
ability to meke decisians, affording them a greater importance to the overall
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oceratian of the airline. The ability to work in a tesm envirament was also a
favarite of the Dispatdhers.

Teast:

Pressure to meet safety/economic goals (f=8).

Lack of physical space (f=4).

Lack of response from management (f=4).

Pressure to meet ecanamic and safety goals was not well liked. It placed a
great deal of pressure upmn the Dispatcher . The lack of physical space added to
an already stressful envirament. Dispatchers also had very negative feelings
when they did not receive an adequate response from management; they felt
they deserved an open communications enviromment with members of
management .

Question #3: What changes to the work enviroment do you think would
improve individual performence?

Trust/strong backing by management (f=7).
Tmproved technology (f=6).
Reduced Dispatcher to flight ratio (f=4).

The Dispatchers felt that having a strong backing by menagement would
Telp to inprove their individual perfomence. If they had sugoort, then they would
feel much better when meking important decisions. Improved teclnology would
also play a major role in improving individual performence. Dispatchers also
varted to reduce their flight 1 cad. Durdng stressful times, the arrent flight loads
required of the Dispatchers was deened too high.

Question #4: What shift do you prefer to work?
In gereral, the moming shifts were most preferred (f=15).
Times: 5a.m.-lp.m., 6a.m.-2p.m., etc.
The moming shifts were nost preferred by the Dispatcher in order to have
time after work for persaiel metters. In sumer, the a.m. shifts were also preferred
due to lower prdoability of cawective activity in the moming.

Question #5: In your view, what is the single most important aspect of your
ja»
The vast majority stated “safety” - immediately (f=17).
Tre few wo did not inferred it in their answers.
A It of factars tie into safety: Weather, maintenance, etc.
Safety proved to be the most important aspect of the Dispatcher ‘s jdo. Al
Dispatchers had a high regard for the safety of the overall gperatio.

Question #6: What factor(s) have the greatest effect an your day-to-day jdo?
Weather (f=15).
Maintenance (f=8).
ATC with respect to central flow antrol (f=7).
W eather was a mejjor factor af fecting the Dispatcdher sjdo. AT C’s flow axtrol
tied into the weather issue. Inproved commnication with maintenance cperatians
centers was also a major factor.
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Question #7: How many total hours of sleep do you usually receive between
chifts?

The average approximated 7 hours.

Tre Dispatchers were receivirg a fair amoat of rest, although 7 hoars is still
under the recomended sleep duration of 8-10 hours.

Question #8: Do you prefer to sit or stand while working? If standing is
preferred, wy?

The majority stated “&”(f=13).

The cnes who said ‘stand” prefer to do o because it inproved ciraulation (f
=6).
Most Dispatchers preferred to sit while working. However, a number wanted
the doice of sitting or standing. (For health reasans it is good to stretch ae s
legs perdadically, ad it is ot heslthy to sit far too lag of a dratim.)

Question #9: Describe the type of attrilutes that a preferred fellow Dispatcher
displays.

Common sense (f=8).
Detail arieted (f=6).
Proactive (f=6).

The Digpatchers felt that comon sense was most definitely an attribute
that ane should possess. They also felt the need to have an individual who paid
close attention to detail, and sarene who was proactive — ane who identified
potential prabolems and rectified them before they oocurred.

Question #10: Discuss ae or nmore individual qualities that the Dispatcher
should possess.
A sense of huor (f=6).
Tre ability tomiltitask (f=5).
Working well under stress (f=5).
The Dispatcher should possess a good sense of humor. (Humor alleviates
sore of the stresses of the jdb.) Multitasking popped up again as ancther

inportant quality.
Discussion

The salient respanse that safety was the single most inportant aspect of the
Disgpatchers’ jdos should ke aansidered proper arnd conforting. Since safety is
the runber ae axsideration in air carrier qeeratians, it was rewsrding to discover
that the Dispatchers prioritize the conoept. The balance between safety and
econamics goes hand-in-hand, so while the Dispatchers did state that safety
was their major concern, occasionally comercial pressure became a factor.

Overall, nost Dispatchers liked their jdo because it gave tham the ability to
work in a team enviroment as well as meke their own decisions. Mamy
Dispatchers said that when management let them make more of their own
decisians, they felt more involved in the overall geeration ard prided thamselves
acoordingly . The Digpatchers also enjoyed the high level of variety within their
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Jjdbs; ane day has never been the same as the next. On the negative side, the
Dispatchers felt that menagement was putting too mich pressure on them with
regards to ecanamic amsiderations. They felt that at times the pressures of
e ficiency corpeted with cosiderations for safety, and that members of
menagement were not responding to their concerns. The Dispatchers expressed
their desire for a better working relationship with menagement, which would

The factors that present the greatest effect on the Dispatchers ' day-to-day
I - weather, maintenance, and ATC cantral flow cotrol - were major issues
ard at the top of a list of desires for improvement. With regard to weather, the
Dispatchers would 1like to see better equipment inplemented at their workstations
in order to receive nmore acourate and efficient meteorological informatiom.
Increased comunications and collaboration between the Dispatchers ard their
regpective gperatians ’ centers ard the maintenance aontrol finction was desired
to inprove ef ficiary .ATC flow aaitrol has been an issue at U.S. airlines for a
muoer of years. It appears that the Dispatchers and each airline’s ATC
ooordinator (if the airline has that position) should also meintain close
commnication and collaboration with ATC. As stated by mery of the Dispatchers,
“oamunication is vital.”

As with mary jdos, Dispatchers felt that fellow colleagues should possess
comm sense. They also felt that they should be very detail oriented and
proactive. In regerds to the proactive, ae Dispatcher interviewed said, “Ifan
individual is at his desk sitting there twirling his/her thds, then be or ghe is
rdesbly not doing his jdbo ridght. ” The data indicated that the Dispatcher should
e able to anticipate prdolems, arnd rectify them before they occur . Inadditio,
the Dispatcher should possess a sense of himor to help alleviate sare of the
tension during stressful situations. Several of the interviewees said that
multitasking was a necessity.

Conclusions

Since the early years, aviation has advanced considerably as a result of
miltiple research ef fots. To date, the airline industry ard the research comunity
have been enphasizing the lumen performence issues of the pilots. As stated
earlier in the repart, the jdo of the airline Dispatcdher in the U.S. is ro less
inportant then thet of the pilcts, ar any jd at an airlire.

Today, the U.S. airlires are begiming to note the baefits of havirg an ef ficiat
Dispatcher workforoe, pranpting the question of whether the time for the devotion
of more resources to researching the disparch finction had arrived. The resultant
exploratory study was udertaken to note sare of the humen factors associated
with the jdo performmence of the Dispatchers ard to gather sare qualitative data
that could be useful to further research effarts. The laroely qualitative procedre
ard results of this study stragly suggest that there is a need for more research
in the area of U.S. airline dispatch and Digpatcher performence.

International Journal of Applied Aviation Studies



Recommendations

The U.S. air carrier industry is now recognizing the important role that the
Disgpatcher plays in the operation of an airline. Uom analysis of the data fram
this stdy ‘s interviews, it is clear thet there are a vardety of factars thet affect the
Dispatcher. For exanple, weather, maintenance issues, arnd relatians with
menagenent affect the Dispatcher ‘s jdb performence.

It is recomended that menagement at each airline take a closer lock at the
Jjdb of the Digpatcher and evaluate what areas need improvement in an attenpt
to rectify critical issues. Digpatchers also need to stress the significance of
their roles in the quality and safety of the operation to marbers of menagement
during attenpts to achieve change and inmprovement. Doing so on a regular
basis may tighten the relations and bonds between the management and non-
menagement workgroups, thereby improving the overall cperation.

More emphasis needs to be placed on lumen factors since humen error is
often the cause of accidents. “In aviation humen error is closely associated in
the eyes of the pbolic - ad inreality — with incidents and accidents” (Hawkins,
1987, p. 27). The presentation of information to the Dispatcher needs to be
improved, and the Dispatcher/flight worklcad needs to be examined. In general ,
research into, and inmproved design models for, the Digpatcher ‘s workstation is
reconmended.

Upm review of the data, rmumerous variables could have been introduced into
the interview to elicit more decisive infametion. First, it would heve been desirable
to attach more “Why” solicitatians at the end of most questians. This would have
helped solicit a nmore thorough respanse to merny of the questions, and elicit
knowledge of wiy the Dispatcher answered each response in the mammer that
he or she did. In essence, it would have provided a more conplete picture of the
ceta.

In retrogeect, it would have been helpful to dotain more quantitative data fram
the sanple. While the qualitative data does provide a great deal of informatian,
it is usually not as decisive as the quantitative data might have been. If further
research is udertaken in this area, it is highly recomended that a more
quantitative agproach be used. This study sanpled two airlines; future research
should ansider sanpling of the Dispatchers at regiawl carriers and cargo
carriers. This would paint a better picture of the U.S. Dispatcher pooulation.
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Abstract

Aircraft accidents still occur periodically as a result of human errors
contributed from either flight or non-flight activities. Yet, while hu-
man factors training is mandatory for flight crews in the United
States (US), such training remains optional for non-flight labor (i.e.,
aircraft maintenance technicians and ramp agents). To examine
the level of threat from non-flight error affecting aviation safety and
verify the government’s decision-making, this paper first identified
the causes of airline accidents and consequently provided a quan-
tifiable figure showing the relative criticality between the operation
of flight and non-flight employees. Secondary data analysis was
adopted and 189 final government reports were reviewed pertain-
ing to FAR Part 121 scheduled operation (dated between January
1999 and May 2004). The finding revealed that there were 68
(35.97%) accidents related to non-flight error vis-a-vis 24.34% from
flight operation. The non-flight error was found to be the most sig-
nificant direct hazard affecting airline safety. The discovered acci-
dent causes (direct hazards) were categorized into ten (10) groups-
Flight Operations, Ground Crew, Turbulence, Maintenance, For-
eign Object Damage (FOD), Flight Attendant, Air Traffic Control,
Manufacturer, Passenger, and Federal Aviation Administration-as-
sociated with 36 root factors prepared for an error-elimination model
using Fault Tree Analysis (FTA). With the FTA, a more cost-effect
safety training for non-flight workers was provided.
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Tntrodction

Air transpartatio is an efficiat and effective moce of transportation in today’s
global economy. Developed countries, such as the United States (US), United
Kingdom, Australia, Japan, and Germarny, as well as developirng natians like
Taiwen and Korea, rely heavily an air trensportation for shipping freights and
transferring passengers between cities. Although gldeal air transportation was
adversely inpacted after the 9/11 attacks and the cutbreak of Severe Acute
Respiratory Syndrare (SARS), it is gradually recovering and will contirue to
grow vigorously (FAR, 2004; Lu, 2003; Michaels & Pasztor, 2001).

Since the disastrous 9/11 terrorist attacks, mary govermments in the world
have contributed more advanced efforts and progressive measures to enhance
aviatim safety ard airport seardity .Although the US Department of Homeland
Searrity has develaeed a ratianl seaurity alerting system that provides a werming
to the retim, it may not gpecifically infam the public aoout the potential tlwests
leadirg to terrarist attacks. Although the US Federal Aviatiom Administration
(FRR) has been responsible for fostering and encouraging civil air camerce
ard auditing and pravoting aviation safety since its birth in 1967 (Adamski &
Doyle, 1999; Rollo, 2000; Wells, 1999), the govermment’s “dual-mendate”
regoosibility has resulted in criticism regprding the lack of sufficient ability to
acoarplish safety surveillance (Carlisle, 2001; Carmmody, 2001; Darelly, 2001;
Filler, 2001; Neder & Smith, 1994; Stout, 1999). It is especially true that the
mishap of Valulet Flight 592 in 199, resulting in 110 fatalities, could have been
avoided if the FAA had concentrated more on promilgating safety instead of
bolstering the low-cost aviation erplanement. Bs a metter of fact, the Airlire
Deregulation Act of 1978 was ariginally an attempt by the govermrment to prarcte
aviatio by reducing airfare ard to elevate the level of air transportation safety
lased on the doctrines of free market carpetition (Wells, 1999) . However, itis
axtroversial to assert that airline deregulation had upgraded actual safety
performence (Marks, 1999) . So, what went wrong? How can we fully eliminate
potential hazards leading to accidents?

Literature Review

During the past decade, several leading media reports-the Wall Street Journal
(Dehl &Miller, 1996, July 24; Goetz, 1998) and USA Today (Sodller, 2000 March
13)-tave tried to rark airlire safety relying on a single elarent, the accident
rate. In 2001 and 2004, Bowen and Iu initiated their safety measurement
mechanism, Aviation Safety Rating (ASR). This study reviewed airline safety
performance (Bowen & Iu, 2001) and discovered the individual performance
sensitivity (the percentage change of overall safety score due to the percentace
charge of a specific safety factor) of seventeen (17) selected safety factors
(Bowen & Lu, 2004a) . The ASR study wes an application of the National Airlire
Quality Rating (AQR) and similtanecusly embraced the use of Amalytical
Hierarchy Process (AHP) software and the Delphi teclmique. Based on the
calaulation of performence sensitivity (Sp) of each selected safety factor, the
authors pricritized factors that inmpacted safety performrence substantially.The
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result showed that Accident and Management Quality were two most weighted
categories in relarion to safety perfamence. Fatality rare, average flest age, ad
accident rate were the three nost critical factors affecting the overall safety
performance.

Although prior studies had pragposed a mechanism for measuring airline safety
performence, they did not reveal the causes of accidents that ultimetely
axtributed to an airline’s safety perfamence vis-a-vis their husiness rivals.
Mearmhile, the precursors of causes of accidents were not identified either.
This situation not anly prevents airlines from targeting an the critical hien
error in relation to accidents, ut also gpens a window for a further research.

Human Factors Is Everyone’s Concern

In 1976, NASA launched the first Crew Resource Management (CRM) program
for airlire flight crews (Krause, 199%; Orlady & Orlady, 1999), meinly for pursuing
error-free ard safety-laden comercial flight cperations. CRM training has
delivered messive benefits to flight safety ard surely to the flying public. Since
1990, the FAA has regulated (RM training in Federal Aviation Regulation (FAR)
Part 121 Subpart N for mejor air carriers ard for Part 135 regional comuiters
under SFAR 71 (Aviatim Sugplies & Academics [ASA], 2001). Despite the
imrediate goal of recovering needed reverue after 9/11, maintaining a risk-free
aviation ewvirament is believed by the airline industry to ke another top priority
pertaining to their daily qoeratians. According to an arrual report from Boeing,
“Worldwide Commercial Jet Adrplane Accidents,” cockpit crew error was the
primary factor causing accidents (Boeing Conmercial Airplanes Group, 2000) .
Yet, this sare Boeing report also revealed that more then five percent of overall
aamercial aviation accidents resulted fran nn-flight activities such as aircraft
maintenance (Boeing Commercial Airplanes Group, 2000) . This ruber could
becare more significant as comercial air transportation expends greatly in
the next two decades. If airlines support the goverrment’s advocacy of “zero-
accident” aviation, five percent is irdesd too larce a figure to ke igored. For
exanple, there were several headlined aircraft disasters caused by maintenance
flaws (n-flight) such as the crash of American Airlines’ DC-10 in 1976, Alcha
Airlires’ B-737 in 1988, United Airlires’ DC-10 in 1989, and Alaska Airlires’ MD-
82 in 2000. Investigations of these disasters showed that maintenance safety
should ke treated with a greater sense of wrgency before similar accidents hapgpoen
acgin (Goglia, 2000) .

Today, CRM addresses NASA's research findings in humen factors, ard, is
strangly upheld by FAR 121 and SFAR 71. Yet we should be aware that NASA’s
human factors research also developed maintenance resource management
M) trainirg for aircraft meintenence persarel. Nevertheless, the MM training
did not share the same credit as that of CRM for flight crews because MRM
training is not mendatory at the present tine.

The FAA’s Rulemaking Rationale

If MM trainirg is critical for mm-fligtt workers, why is it an a non-erdatory
kasis? Tn his study in 2003, Iu investicpted the Federal Aviation Administration’ s
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FRA) rulemeking raticnale and the status of a non-regulatory Maintenance
Resource Management (MRM) . Lu interviewed the FAA'sAviation Rulemeking
Advisory Comittee (ARAC) members, who represent different layers of the
aviation industry for camenting an the FAA‘s rulemeking. The results of the
research showed two policy barriers fram the industry plaguing MM regulation:
budgetary onstraints and the lack of quantifiable evidence from cost-benefit
amalysis (i.e., low praosbility of mn-flidht error thet may lead to accidents vs.
the possible high cost of a mendatory training to non-flight workers) .

Inlv' s study, he also canpared the regulatory requirements among Eurcpean
Union’ s Joirt Aviation Regulation (J2R), Canadian Aviation Regulation (CZ2R),
and the US FAR regarding maintenance human factors training. He found that
the United States is the anly comtry that does not require such training for
aircraft tedmicians or groud crews. In addition, without such a regulatory
enforoarent, the airline’s inplarentation of an gotical MM training to aircraft
tedmicians was sporadic. In additian, the arrant training altermarives of groad
safety, such as the FAA's wolutary Ar Transportation Oversight System (ATOS)
and Aviatim Safety Action Program (ASAP), for non-flight workers were
implerented by sore major airlines only. Regiawl ard svell airlines did ot
have sufficient budoet to perticipare in the program. In the lag nn, this sitation
could endanger the overall goerational safety (Tu, 2003) .

The Goal of Zero-Accident and Cost

In fact, the aviatiom safety ret axsists of flight crews, mainteance persarel ,
air traffic catrollers, airplare disatders, flidght attaxbnts, ravp agats, aiypart
searity, ad related professiaals. All aviatim practitianers should wark closely
together because ary flawed portion of the net could result in an unrecoverable
safety breakdown and, thereby, huen imjuries ar fatalities. By the virtie of the
“Swiss-cheese” safety model, aviation accidents could happen when possible
unsafe acts or operators were present and line up similtanecusly (Reason,
1990; Wood, 1997) . Therefore, it is umise to sinplify aviatio safety training as
a flight-ariented discipline sinply because flidht gperatio is anly a slice of “the
cheese.”

Take airport security for an exanple. In the late 1980s, despite the high-
pitched autcries for tightened aivport security fram the piblic, the media, ad
academia after the barbing of Pan 2m Flight 103 in Decenber 1988 at Lockerbie,
Sootland (Finder, 1999; Wald, 2000), the airlines ard the FAA were still usble
to eliminate the potential dangers facing airvport seawity. The reasons were
threefold: First, fram the air carriers’ starndpoint, the main aocem of elevating
airport security performence was the possible skyrocketing cost (Halm, 1997;
Ok, 1997) . Secad, for airport seardty, airlines have a preoccupied mindset and
perception impeding them from conducting more effective security programs
because the returmns of this safety investment are upredictable (Duke, 1999;
Halm, 1997; Ott, 1997). Ard third, the FAA’s tight emoracament of quantifiable
figures has deluded safety inspectars into thinking that airport searity levels
are acosptable because of the extrarely low praogbility of aircraft hijadking (Oel
Valle, 1997). This compromised ideology unfortunately was adopted, and the
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FAA's self-oonscicusness in regard to airport security had been weakened
(Weellert, 1998). As a result, with its comservative marmer, tte FAA has halted
most security-enhancement proposals due to the perceived high costs irvolved
(Morris, Rigavan, Whitelaw, Glasser, Strdoel, & Eltahawy, 1999; Morris, 2001) .
Alas, the FAA's ampirical reasoning an airport security was destroyed an
September 11, 2001. The gldoal ecoany was thereafter overtumed. Until today,
the aviatiom industry as a wole is still suffering (Archibold, 2001; Eisernberg,
2001; Kluger, 2001).

Research Questions

As aforementianed, humen factors training is beneficial ard should be provided
to all aviatim warkers. Yet the resistance from inmdustry is stiff due to a low
possibility of maintenance errors and, of course, a caxem of hich costs (Tw,
2003) . While hien factars training is merdatary far fligtt crews, is it agorgoriate
thet it ramins gotiavl to mm-flidht persarel? Is mm-flidht ervor less critical
then a flight gperation ervor? Tn addition to identifying the inportance of himen
factors training for aviation erployees, ard to verify the ARAC' s assertion and
the FAA's ratiasle, this study aimed to: 1) identify the divect hazards leading to
accidents, 2) recognize how safety factors cotrilured to the causes of accidants,
ard 3) determire if mm-fligt ervor wes significant ar not.

Question 1: What were the primery causes of aviation accidents in the U.S
under the FAA FAR Part 121 operation between January 1999 and May 20047

Question 2: What were the essential factors leading to the causes of aviation
accidents in question 1 in the U.S under the FAA FAR Part 121 operation between
January 1999 and May 20047

Questim 3: What wes the level of criticality pertaining to nn-flidght ervors?

Definition of Accident Causes
In this sody, the causes leading to an accident were categorized and defined
as the following for a better uderstanding of research findings:
- Flight operation: an accident was caused by cockpit crews
- Turbulence: an accident was caused by turoulence (in-flight, clear air,
wake turbulence)
- Maintenance: an accident was caused by aircraft maintenance person-
el
- Ground crew: an accident was caused by ground crews (truck driver,
keltloader or tug gperator, ranp agerts, etc.)
- Foreign doject damage (FOD) : an accident was caused by birds, ani-
mels, and any dojects that do not belag to the aircraft itself
- Flight attendant: an accident was caused by flight attendant’s inad-
equate emergency actions
- Ar Tt fic Gatxrol (ATO) : an accident was caused by air traf fic cotrdller ‘s
misjudgment
- Marufacturer: an accident was caused by a manufacturer’s design,
official ingpection merigls, etc.
- Passenger: an accident was caused by passengers themselves
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- FAA: an accident was caused by FAA's discretianary function recard-
ing certificate gooroval, inspectim, etc.
- Non-flight error: a carbination of maintenance and ground crew’s op-

Research Techniques

To prepare a aonprehansive picture for aviation safety training programs, this
study revisited and analyzed government’s accident final reports and categorized
the causalities behind each mishsp. Fault Tree Rnalysis (FTA) was followed
after the identification of accidat factars in ader to explain how the root factars
and accident causes were interrelated and to suggest a safety-training model
for aontenporary aviation.

Databases. Accident data (between 1999 Jaruary — 2004 May) were retrieved
fram the US Natiomal Transportation Safety Board (NTSB) Accident Docket
Databases targeted on FAR Part 121 scheduled US air carriers.

Coding. Data coding is always an indispensable and taken-for-granted process
for qualitative ard quantitative data aralysis (@B) (Gough & Saott, 2000) . Goding
is a systematic procedure for synthesizing the significant meanings of texts by
references and comparisons across different records (Mexwell, 1998; Miles &
Hubermen, 1994). Based on the aforementioned analytical highlights of data
aoding, this study categorized accident causes into eicht (8) main groups. They
are: (1) rene of air carriers, (2) date of accidat, (3) aircraft type, @) fatality, 6
injury (ooth sericus and minor), (6) aircraft/property damege (7) causes of
accident, ard (8) factors of accident causes.

Fault Tree Analysis (FTA). FTA is used to examine an extremely carplex
system. Tt uses an inductive agoroach (from general serdes of events to a specific
tp evmt). To accarplish a holistic view of a hazardous system, it tradks
Upstream ard identifies causal factors that lead to accidents ar incidents. FTA
can ke usad to grord a determined cutaore, in this case, an accident. Therefore,
FTA will help researchers structure a foudation (recamendation-besis) for
developing an industrial accident prevention program from bottan-up. Because
FTA may encarpass possibly himdreds of root factors of accident causes, this
study focused on a mini-FTA stuctre thet is suf ficient to descrilbe ard prepare
an accident-prevention program (Gloss & Wardle, 1984; Vincoli, 1993).

Reliability and validity. The governmental information databases help
researders seare data religbility and validity pertaining to a qualitative research
(Creswell, 1998) . With this inmird, the NISB's database aatains hidhly relizble
ad valid infometiom that can be adopted to satisfy both relidbility and validity
criteria (Berg & Latin, 1994; Creswell, 1998; Linxoln & Qba, 1985) .

.y

The research time-period of data retrieval ard amalysis was between June 18
ard Octdoer 3, 2004. There were total 189 final accident reports available from
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the NTSB’s Docket System dated between January 1, 1999 and May 31, 2004.
The findings were listed herein based on a uerical order.

Question 1: What were the primary causes of aviation accidents in the US
between January 1999 and May 20047?

Tre primary causalities leading to FAR Part 121 air carriers’ accidents between
Jaruary 1999 -May 2004 were ranked and categorized as follows (See Tadle 1):

Teble 1
The Primary Causes of Airline Accidents
Rank | Cause Number of Cases % of Cases
1. | Flight Operations 46 24 .34%
2. | Ground Crew 43 22.75%
3. | Turbulence 40 21.16%
4. | Maintenance 25 13.23%
5. | Foreign Object Damage (FOD) 15 7.99%
6. | Flight Attendant 8 4.23%
7. | Air Traffic Control (ATC) 4 2.12%
8. | Manufacturer 4 2.12%
9. | Passenger 3 1.59%
10. | FAA 1 0.53%

The flight gperation error resulted in 46 accidents (24.34%), which wes the
most critical individual cause of accidents. There were 43 accidents resulting
from grod crew error followed by turbulence (40 cases), ard the ervor of
meintenance (25 cases), FOD (15 cases), flight attendant (8 cases), ATC (4
cases) , marufacturer (4 cases), passenger (3 cases), ard the FAA (1 cse).

Question 2: What were the essential factors leading to the causes of
aviation accidents in question 1 in the US between January 1999 and May
2004?

Tre factars leading to codkpit crew errars were: 1) ladk of situation awereness,
2) misjudgment (ground clearance), 3) weather (snowy and icy ruway), 4)
ineffective cammnication, 5) goerationl deficiency (supervision, misjudgment,
preflight ingpection), ar lack of training (heavy landing, go-arourd procedire,
unfamiliar with regulatians, ard decision-nekirg), 6) nn-carpliance with standard
operaticnal procedures (SOPs), 7) over-reaction (evasive maneuvers, abrupt
reectiom to Txf fic llision Avoid System (TCAS) warning) , 8) physical fatigue,
ard 9) weather ard airport information ignorance (weather briefing, turbulence
repart, Notice to Airmen [NOTAM], Minimum Equipment List (MEL), outdated
Runway Visual Range [RVR]) .
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The factors leading to ground crew errors were: 1) poor situatianal awereness
(clearance, airstair/jet bridge/vehicle qoeratians), 2) ineffective comunicatian
(tug/truck/beltlcader driver-pilots-wirng walkers), 3) lack of supervision/quality
assurance, 4) ranp agats’ ignorance of safety criterda, 5) physical fatigue, ad
6) persaal health and medication.

Most accidents due to turbulence resulted in flight attendant injuries. The
factars that 1ed to imjuries ar fatalities resulting fran tiroulence were: 1) lack of
weather awareness (pilots or dispatchers’ poor discipline pertaining to weather
evaluatian), 2) inadequate training of cabin crews when encomntering turbulence
(iracarrate cabin reaction procedures, ineffective crew comunication, late public
amouncenent) , and 3) passengers’ inability of cooperating with cabin crews
due to erergency situation.

The factors that led to the cause of maintenance errors (equipment
aatamination, corrosion, egine failure, etc.) were: 1) the lack of quality
assurance and supervision on performence, 2) non-compliance of standard
maintenance procedures (SMPs), 3) FAA's incorvect dbta, 4) lack of training
ard knowledge, 5) rushed service, arnd 6) operaticnal ignorance.

The factors leading to FOD were bird and geese strikes and deer collision.
The FOD frequently occurred during: 1) take-off and lading phase, ard 2) night
flights arourd renote non-hub aivports.

The factors leading to the cause of flight attendant’s mistakes were: 1)
unfamiliarity with safety procedures during evacuation, 2) poor commication
(between pilct, flidht attendants, or ranp/cpte agats), ard 3) inadequate training
with anormal emergency conditions.

In addition, the factors leading to the cause of ATC errors were: 1) improper
ATC service (the result was pilot's abrupt meneuver) ard 2) a failure to provide
adequate in-flight separation.

The factors leading to the cause of marufacturers’ errors were: 1) inadequate
merval informetion (e.g., gearbox maintenance merwal), and 2) inmproper material
ard inmperfect design.

The factors leading to the cause of passengers ard their injuries were: 1)
passengers’ non-conpliance with regulations during emergency situation, and
2) umuly bdeviars.

The factor leadirg to the cause of FAA's error was FAA’s improper issuance
of airwaorthiness certificates and Alvworthiness Divectives (2Ds) for specific parts.

Question 3. What was the level of criticality regarding non-flight factors
contributing to airline accidents?
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Tre relative criticality of mn-flight errar leading to accidents was determined
by percentage. The findings showed that there were 68 accidents resulted fram
grord crew and maintenance flaws compared to 46 cases due to flight cperation
ervors. The percentace of the mm-flight ervor aotributed to accidants wes aroard
35.98% carpared with 24.33% associated with flight goeration errors. Appendix
A lists all the accidents that resulted fran grord crew or meintenance errors
(See appendix B).

FTA Accident Prevention Model

The findings revealed that there were ten (10) main causes, alang with 36
associated root factors, which led to accidents. Each accident cause amtained
framae (1) tonire (9) amtributory factars. Every individual factor may form a
category of cause that led to an accident such as inadequate flight performence,
poor quality assurance, carelessness, air-rage, or urpredicted turbulence. The
mini-FTA, showed in Appendix B, framed the inductive relationship among
accident causes and root factors (See Appendix B) .

Discussion and Conclusion

This study discovered the ten (10) essential causes leading to accidents and
the 36 root factors behind each accident cause. Although the air transportation
industry asserted thet mn-flidgt errar insignificantly cotributed to airlire
accidats, this statarent was dullenged. In addition, the root factars of accident
causes were uvelled, by using Fault Tree Arelysis. Aviation safety practiticers
can use Fault Tree Analysis to design a more ef fective safety training program
aiming to prevent errars fram the bottanup. Yet, routire (if not merdatory) groad
safety trainings far nm-flight erployees must be in place. This study is concluded
as the follos:

1. Nn-flight Ervor Is More Critical-As an individuel cause, flight operation
error aotributed to most accidents (24.34%) . Yet nn-flight (the dyad of groad
crew and maintenance) error contributed 35.98% of the overall accidents.
Ppparently, the criticality level, based an a relative aarparism about accident
peroantace, showed that non-flight ervor is higher then that of flight goeration.
Furthermore, the factors falling uder the category of mm-flight error included
situational awareness, medication, teamwork, communication, physical
caxdition, ignorance, quality assurance, incspsbility, and unfamiliarity with
procedures. Without a doubt, maintenance, humen factors, or MRM training for
non-flight employees is an urgent need.

2. Fault Tree Pnalysis and Safety Training Model-Tn addition to pilot error
ard mn-flight discrepancies, turulence (21.16%), FD (8%) ; ard flight attendant
ervor (4.23%) also played a crucial role. Althouch ATC, the marufacturer, ad
the FAA do not cause accidents as often, ance it happens, injured pecple or
victims’ families may still file lawsuits against govenment enployees if such an
accident was a case of willful misconduct. Thus, it is important to wderstand
mini-FTA analysis because it helps safety practitioners (govenment or airlines)
to effectively and efficiently remedy accident postulates by inplaventing strategic
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safety prevention programs from the bottom-up. In this study, ay of the oot
factors can form a “aut-set” (a dain-of-events that can result in an accident or
system failure) or trigger the “Damino Effect” leading to accidents. Hence, by
structuring an FTA accident prevention model, eliminating the root factors could
e nmore cost-effect for menagement persamel . This is true because the modes
of a hazard prevention program include engineering redesion, administrative
Supeervisian, ar effective wark practice aotrols. If re-agineering and advinistrarive
axtrols are nomelly too costly to inplement, work practice amtrol (safety
training) is the least-expensive means to prevent accidents with effectiveness
(Brown, 1976; Gloss & Wardle, 1984; Vincoli, 1993).

3. Cost Consideration and Rulemaking-Cost is always the major concern
regarding rule-mekings. However, in the aftermeth of 9/11 attacks, the US federal
government petitioned meny praposals in favor of tightening airport seaurdity such
as the Aviatiom ard Transportation Seardty Act of 2001, Horeland Security Act
of 2002, Department of Horeland Security Aporopriatians Act 2004, and Vision
100-Century of Aviatiom Reauthorizarion Act of 2004 (Bowen & Iu, 2004b). These
laws include budget increases for airport security and safety screening, safety
merpower expansian, federalized safety inspectors, and relevant airport safety
regulations ard dojectives (Roth, 2001) . Interestirgly enoxch, the potential hich-
cost concern does not seem to be an issue now. Without a ngjar crisis, there
would ke no room for the federal govenment to increase its regulatory presence
pertaining to airpart searity . The US govermment seems to have a long history
of pessively leaming lessans from fatalities caused by discretiaary function,
regulatory deficits, or implementation deficiencies (Bowen & Lu, 2000; ILitte,
2000) . Based an these findings, this study showed that non-flight error caused
most accidents. A lack of mendatory MRM or adequate grourd safety training is
questionable. Because we do not went accidents to force the FAA reactias,
the aviation comnity needs a more proactive ruleneking activity pertaining to
maintenance safety.

Aviation accidents are still a threat to the flying public, because accidents
still coor ard will claim lives again. Fram the publi ¢ standpoint, each accident
will becare a metapghor of either the govenment or the airline failure to protect
its “cliats.” The public needs safer airline gperatians-a tree fardation far Safer
Sdes.

Future Study and Comments

Although this study revealed root factors and causes lesding to airline
accidents, a fubure study could focus an the investigation of the status quo
regarding the non-mandatory MRM training conducted by the contemporary air
carriers. In addition, in arder to reduce the cases of aircraft accidents resulting
fram turbulence and bird strikes/Foreign Qoject Damage (FOD), the aviation
commity needs to put more efforts on meteorological, tedmological, and
biclogical uderstandings.
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Abstract

Sixteen pilots rated their navigational awareness to be significantly
higher when navigating using a GPS and moving map display than
when navigating using pilotage. The same sixteen pilots then were
asked to fly, as accurately as possible, over a circuit consisting of
six checkpoints in an unfamiliar area. Eight pilots navigated be-
tween the checkpoints using pilotage (i.e., a sectional chart). The

remaining eight pilots were given the same sectional chart and a

GPS receiver featuring a color moving map display. Navigational
accuracy was recorded at each checkpoint for all sixteen pilots.

The GPS/Moving Map group navigated more accurately than the

Pilotage group, although both groups performed within standards.

Upon completion of the circuit, pilots were asked to fly the same

circuit again, only this time without any navigational resources.

Navigational accuracy was again recorded for each checkpoint.

The GPS/Moving Map group performed significantly worse than the
Pilotage group when navigation resources were taken away. Two

pilots using GPS and the moving map were unable to find their way
to the starting point of the circuit. Other GPS pilots made large

errors in navigating to individual checkpoints. When asked to re-
assess their own estimations of navigational awareness during the
second circuit, the Pilotage group raised their estimates while the

GPS group significantly lowered them. These findings call into

question unqualified beliefs and claims that advanced avionics

systems enhance pilots’ navigational awareness, and point to a

need to teach pilots about the potential human factors pitfalls asso-
ciated with advanced avionics systems.

Requests for reprints should be sent to Kay Chisholm, FAA Academy,AMA-530,
P.O. Box 25082, Cklahoma City, OK 73125. E-mail to kay.chisholmefaa.gov.
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Tntrodction

GPS receivers with moving mep displays are often claimed to increase pilots’
navigatioal awareness (Avidyne, 2005; Garmin, 2003) . These claims are partly
justified by some dovicus advantages offered by GPS and moving meps. One
aly need aansider the pradbolem of locating the nearvest suitable airport in the
event of an emergency. GES receivers pirpoirt the position of the aircraft while
moving meps instantly present the answer to the dire question of where to do.
Many systems can also display the available ruwmays, ruwmay lengths, field
elevation, and comunications frequencies. In the case of an erergency,iis
hard to imegine a more timely and useful information resource.

With exanples such as this in mind, it is tempting to think of GBS ad
moving meps as having a supplemental effect on pilot awareness: further
enmpowering already-aware pilots with more detailed informetion about their
surroundings. However, the research literatire tads to aatradict this belief.
Ehpirical studies have danmstrated a cost associated with not having to actively
perform mental calculations and discriminations that are mede autoretically by
a computer . Manory and awareness of information that is passively monitored
has been shown to be significantly poorer then informetion that humen geerators
generate themselves using mental problem solving and rehearsal (Slamecka &
Graf, 1978; Glenberg, Smith, & Green, 1977; Craik & Lockhart, 1972).
Qoservational studies of humens working with autaretion, in the aviation darain
as well as others, have demonstrated poorer awareness among humen coperators
who perform tasks with the assistance of automated systems (Uhlarik &
Corerford, 2002; Savage, 1999; Billings, 1997; Endsley, 1996; Erdsley & Kiris,
1995; Parasuraman, 1987). These studies draw a common conclusion: in an
effort to meke the humen operator more aware by providing more information
through automation, we soretimes meke the humen less aware. Wiener (1989)
refered to this phenarenon as the paradox of automation .

This study attenpts to answer two simple questions about the navigational
awareness of pilots while flying uder visual flight niles (VER) :

1 Do pilots kelieve they are more navigatiaally aware when flying with GPS
and moving maps?

2. Does pilots’ navicatiawl perfamence agree with ar aotradict these beliefs?

Corparative verbal estimates of navigatianal awareness were collected from
pilots as a measure of what they believe about GPS, moving mep displays, and
navigatiamal awareness.

A sinple comparative tedmique was used to determine whether or not pilots’
performence matched their beliefs about navigatianal awareness. Two groups of
pilots were asked to fly a cirauit of chedgooints an a cross-contry flight thraugh
an nfamiliar area. Qe group of pilots used pilotage (i.e., a psper sectiamal
chart ard visual references) to fird their way to each checkpoint. The other
group of pilots had the same sectianal chart and visual references, but also
used a GPS and moving map display. Navigational accuracy was recorded at
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each checkpoint. Upan acorpletiaon of the circuit of checkpoints, all pilots were
asked (unexpectedly) to fly the circuit again, this time, without the use of any
ravigatianl resowces. Thet is, the pilots were asked to fly the cirauit using
aly whatever familiarity with the area they had acquired during the first time
arourd the circuit. Navigational accuracy was again recorded and conpared.

Previous research suggested a sinple hypothesis. Pilots using pilotage
actively perfam the ravigatianl task. When asked to fly through the cirauit of
checkpoints a secand time with no navigation resources, these pilots should
enjoy a more detailed awareness of the area acquired during their first pass
through the circuit. Pilots using GPS ard a moving mep display, a the other
hand, serve as passive monitors while computers autamatically perform the
navigatianal task for them. When these pilots are asked to fly over the same
circuit of checkpoints again, they should experience more difficulty because
they maintain a lesser awareness.

Method

Participants

Sixteen pilots who met the following three criteria were selected an a first-
aare-first-served basis at a local airvport. All pilots were legplly qelified to act
as pilot in caomend in the experiment airplane. All pilcts hed kasic familiarity
with GPS receivers and moving meps. All pilots reparted that they did not have
significant familiarity or experience with the area in which the data were to be
collected.

Apparatus

The experiment airplane was a Diamond DA40 (Diamond Star) equipped with
a panel-mounted GPS receiver and a color moving mep display .All pilcts were
fumished with a current San Francisco sectianal aeranautical chart that covered
the area through which the experinental flight was coducted. The experimenter
had access to an additianal GPS receiver that was hidden from pilots’ view.

Procedure

The sixteen pilots were told that they had to aarplete a cross-country flight
that aosisted of a serdes of nine dhedipoints. Tt wes explained thet the first
three checkpoints were intended as practice checkpoints as pilots made their
way ait to a cirauit of six additiaml dedkpoints, located in an unfamiliar ares,
that were of interest to the experimenter. The last six checkpoints formed a
circuit as shown in Figure 1. The most distant checkpoint was appraximately
105 mautical miles from the arigin aivport.

Effect of GPS and Moving Map Displays
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Figure 1. Sectiaal dnart showirg circuit of checkpoints.

Pilots had to fird their way to Cekdale Adrport, then fly over a serdes of far
other checkpoints, and end up kack at Cskdale. Pilots were instructed to fly as
closely as possible to each chedkpoint, and to report when they believed that
they were directly over each dhedkpoint.  Pilots were kriefed an the raute prior to
agire start at the ardgin airpart. A sectiowl aeranautical chart wes used to
point aut the route including each of the nine checkpoints.

Pilots navigated between all nine checkpoints alag the flight in ae of two
different ways.

Eight pilots were randomly assigned to the Pilotage group. These pilots
were given a San Francisco sectiamal aeranautical chart and were told that they
would have to navigate by means of pilotage. Pilctace is a tedmique in which
the pilct must fird his or her way by correlating geographical features depicted
a1 a chart with geographical features seen aut the window of the airplane. These
pilots were ot permitted to use timers, calaulatars, plotters, or any other device
that could facilitate navigation tedmiques other then pilotage (e.g., dead
reckanirg) .

Eight pilots were randomly assigned to the GPS/Moving Map group. These
pilots were given the same San Francisco aercnautical chart, but also used a
panel -mounted GPS receiver that featured a moving map display. It ves verified
that each pilot was familiar with the basic features of the GPS and moving mep
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prior to departure. The route ansisting of all nine checkpoints was progranmmed
into the GBS prior to takeoff.

Upm departure, pilots were asked to verbelly estimate their navigatiaal
awareress in two different sitietions: (1) reviggting using anly a sectiawl dert;
ard (2) navigating using a sectical dhart and a GPS receiver with a moving mep
display. Note that each pilot in each group rated therselves in the situatio in
which they were arrently flying, ard in the situation experienced by pilcots in the
other experimental graoup. Pilots estimated their navigatianal awereness using
a 0-to-10 scale: 0 representing a total lack of awareness, and 10 representing
perfect awareness.

Al sixtesn pilcts flew over the nine dedipoints as instructed. ALl pilcts were
asked to ammounce when they believed they had reached each checkpoint.
Upon each pilot report, the experimenter used a GPS receiver, hidden fram the
pld’ s view, to note the actual distance from the dheckpoint. This measure
represatted the pilat’ s nevigatiasl errar.

Uo reaching the last chedkpoint in the cirauit, the experimenter intervened
ard armounced a revision to the ardginal plan for the flight. Instesd of retuming
hare, all sixteen pilots were asked to axe again fly the cirauit ansisting of the
previaus six dedgoints, aily this time, withaut any navigation resorces available
to them. In the case of the Pilotage group, the experimenter tock away the
sectional chart. In the case of the GPS/Moving Map group, the experimenter

todk away the sectical chart arnd turmed of £ the GPS and moving map display .

After the first checkpoint, the experimenter asked each pilct to rate his ar her
o nevigatiarl awareness in the arrent situation: flying with no navigatiaml
resources other than ary knowledge about the area and airspace that he or she
had aollected durirg the first tine over the checkpoints.

Each pilot also was asked to provide bearing and distance estimetians to
what he or she kelieved were the two nearest airports.

The sixteen pilots flew over the loop of six chedkpoints ance again, reported
crossing each checkpoint, while the experimenter again noted the navigational
error at each checkpoint.

M the retimm leg, after the data were aollected, all pilots were kriefed an the
purpose of the study and were made aware of prior humen factors research

pertaining to flying with autareted systens.
Results
Navigation Error

The mesn navigatiawl errors for the two groups of eight pilots during the fivst
pass through the cirauit are shown in Figure 2.

Effect of GPS and Moving Map Displays
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Figure 2 . Navigatianal acauracy with all navicatianal resources available.

The mean navigational error and standard deviation for the Pilotage group
was 1.1 \M (1.5 NM), while the mean and standard deviation for the GBS/
Moving Map group was 0.2 NM (0.3 NM) . Although the means for both groups
fell well within the geeral 3 NM navigatimn stardard far pilctage ard dead redkaning
cited in the Private Pilct Practical Test Standards (FAA, 2002), the GPS/Moving
Map group achieved a significantly higher degree of navigation accuracy, t=
3.74, p < 0.01.

The mean navigatianal errors for the two groups of eight pilots during the
seaad pess through the civauit, when pilots hed o navigation resoarces available
to them, are shown in Figure 3.
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Figure 3. Navicatianal accuracy with no navigatianal resources available.

158 International Journal of Applied Aviation Studies



The mean navigational error and standard deviation for the Pilotage group
was 1.3 \M (0.7 NM), while the mean and standard deviation for the GPS/
Moving Map group wes 4.9 NM (7.9 NM) . Zggin, there wes a significant dif ference
between the two groups, anly this time the situation was reversed: the Pilotage
graup performed significantly more accurately (£ = 2.17, p < 0.05) .

Error measures ard statistics aside, there was a categorical difference in
performance between the two groups. All eidght pilots in the Pilotage grop
performed within the 3 NM minimum standard suggested in the practical test
standards, while only one-half of the pilots in the GPS/Moving Map group met
the standard. Regardless of how ane chooses to statistically oonsider the two
large average errors shown in Figure 3, these two cases have a practical
significance. These two pilots were wholly wsble to fird their way badk to point
where they started, reporting this checkpoint to be 25 NM and 41 NM away fram
its acisl locatim.

Figure 4 sumerizes, in a single graph, the navigatianal performence of both
groups in both coditians.
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e — — GPSMoving Map

Mean Error in NM
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Figure 4. Navigatianal acauracy for both groups in both caditions.

Tt is also interesting to aorpare navigatiawl acauracy within each of the two
grages: that is, to copare pilots’ performence with and without their respective
ravicarianl resorces. Taking away the sectiamrl dhart had ro significant ef fact
a the perfomence of pilots in the Pilotage grop. In fact, the vardance in
perfamence slighntly decreased when the sectiael dert wes ot aveilable. Taking
away the GPS and sectional chart from the GPS/Moving Map group had a
significant effect m the mean revigatiawl error (£ =2.82, p< 0.01).

Bearing and Distance Estimations

Fifteen of the sixteen pilots were able to identify the two nesrest airports.
Qe pilot identified the nearest airport ard the third nearest airport.

The errors in bearing and distance estimatians to the two closest airports for
the two graups of eight pilots are shown in Figures 5 (a) and (o) .

Effect of GPS and Moving Map Displays
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Figure 5(a) . Mean error in bearing estimates for closest airports.
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Figure 5(b) . Mean error in distance estimates for closest airports.

There were no differences between the two groups. One explanation of this
result is the doservation thet people tad to initially acgquire “route-based’
representations of an area. Route-based representatians sugport basic wayfinding
tasks ut do not support “survey mep” type tasks such as determining direction
ard distance between known points (Thormdyke & Hayes-Roth, 1982) . This finding
also casts doubt an the use of “freeze-and-prabe” methods of measuring
navigational awareness: tecdmiques that focus on asking questions about
ravigatiasl suroardirgs rather then dellaeging pilots with realistic navigatiaal
tasks (several studies reviewed in Unlarik & Caverford, 2002) . In this case, 1o
difference in question-answering performance was observed between the two
graues even though there was a significant difference in ravigatiaml performence
between the groups.
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Self-Ratings of Navigational Awareness

Every pilot was asked to rate his/her navigationl awareness in three different

siterias:

il Prior to traversing the cirauit of checkpoints, every pilot was asked to
rate his/her navigational awareness in the situation he/she was
currently flying. That is, the Pilot group was asked to rate awareness
when using a sectional chart, while the GPS/Moving Map group rated
awareness when using a GPS, moving map, and sectional chart.

2 Prior to traversing the cirauit of checkpoints, every pilot was asked to
rate what his/her navigational awareness would be if he/she was
flying in the other experimental cadition. That is, menbers of the
Pilotage group hypothesized what their awareness would be if they
had the GPS and moving map available, while merbers of the GPS/
Moving Map group rated themselves using only a sectional chart.

3 While traversing the cirauit of checkpoints for the secad tine, every
pilot was asked to rate awareness in his/her current situation: with no
ravicatianl resources available.

Table 1 shows the navigatianal awereness ratings given by pilots in both
graps.

Teble 1
Subjective self-estimates of navigational awareness
Using Using Using
Pilotage |GPS/Moving| Neither
Map
Pilotage Group 7.625 9 8.125
GPS/Moving Map Group 6.625 9 4.875

Pilots in both groups rated awareness to be significantly greater when a
GPS ard moving mep were being used (t = 3.47, p < 0.01). The interesting
result is the significant difference between the two groups when they were
anfrated with the task of flying the cirouit for the secad time, with their
navigation resources taken away. The Pilotage group rated themselves
significantly higher than the GPS/Moving Map group, and these ratings matched
their performance. The GPS/Moving Mep group not only rated themselves
significantly lower then the Pilotage grop (€ =3.38, p < 0.01), hut also significantly
lower than themselves when flying with the GPS and map display available (t =
4.25, p<0.01).

Performance and Total Flight Time

Tt is also interesting to copare pilots’ perfomence with their total flight
time. Table 2 shows the correlation coef ficients between total flight time ard
mean navigatiamal error at all checkpoints.

Effect of GPS and Moving Map Displays
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Teble 2
Correlations between total flight time and navigational error

With Without

Nav. Resources Nav. Resources
Pilotage -0.31 0.58
GPS/Moving Map -0.28 -0.45

Although the pilot sample used here is small and strag coclusions are not
warranted, the two larger correlation coefficients suggested the need for further
]Il Lm‘ i 1-

Higher flight time was associated with poorer pilotage performence when the
sectiawal chart was taken away (r=0.58) . Qne explanation for this effect might
ke thet pilcts rely less ad less an pilotace as they acquire more flight experiance.

Higher flight time was associated with better performence when the GPS
and moving map were taken away. This might suggest that more experienced
pilots were less likely to suffer from the cut-of-the-loop phenomena when GBS
and moving maps are used.

Conclusion

The results of the study provided clear answers to the two research questians.
Qe, the pilots believed that their navigatiaal awareness wes higher when flying
under VFR with GPS and moving map displays. Two, pilats’ rnavigatiamal
awareness, using the measures described here, appeared to be significantly
lower when flying with GPS and moving map displays.

With regard to the first research questim, pilots’ kbeliefs aoout navicatiamal
awareness warrart further irvestication. It may have been that pilots respoded
to the question about ravigatiaal awareness without aansidering the possibility
of an equipment failure. Rurthemmore, pilots mey cansider ravigatiaml awereness
to extard beyad what the pilct is awere of in the traditiawl sense. Thet is,
pilots may have considered the informetion stored inside the conputer to be
part of their awareness. This raises an important question: should we regard
information stored in a carputer as part of a pilot’s navigetiawl awareness? Or
should this awareness e required to remein, in the trediticwl sense, in the
pilot’s head?

With regard to the secand research question, the results raise the practical
questiom of how to help pilots maintain navigatiamal awereness when flying with
advanced avianics, and how to prepare pilots for the situation in which avianics
systems becone ingperative during flight. Some have proposed the idea of
arerggcy training, similar to pertial parel instrurent training requived of all
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instrurent rating applicants today. In the case of a vacum system failure,
pilots must rely an altermate sources of informerion about aircraft attitude. The
results of this study suggest that this type of training would not be effective in
preparing pilots for equipment cutages. The data clearly showed that, unless
there is another type of navigation equipment an board, there may not ke ancther
sarce of revication infamstion in the codpit uom which to rely. Unlike vacum
systems failures, the prdolem with an ingperative GPS and moving mep is not
aily a lack of infometion tedrolagy - it is also a ladk of infometion. Using
pilotage, our pilots had a backup navigatianal resource when their charts were
taken away - their omn knowledoe of their positians, rautes, ad terrains. In the
case of the pilots using GPS, this knowledge was not always present. We
could always suggest or require that every pilot or aircraft carry an additiaml
form of navigation equiprent to help save the day (e.g., a hendheld GPS) . Aggin,
there is no guarantee that this egquipment will fimction when needed.

A promising first step toward safe use of GPS and moving meps suggested
by aur data is to meke pilots aware of this and other cockpit automtion-related
human factors phenomena. These problems have been recognized and openly
discussed among airline gperators for twenty years (Hopkins, 1983; Marming
1984; Melvin, 1983; Oliver, 1984, cited in Wiener, 1988). The recent appearance
of high-tech avianics in general aviatim aircraft suggested the need to provide
gereral aviation pilots with the same safety-related informetion derived fram
twenty years of research ard goeratiarl experience. Training materials axrently
available for tedmically-advanced aircraft and equipment seldom reflect an
understanding of these known breakdowns that occur when humen pilots work
with cockpit autamation systems. Perpetuating the common belief, these
documents camonly refer to the idea of “situational awereness” as sarething
provided to the pilot by high-tech avianics. These training practices may help to
magnify, not to mitigate, the unique dhallenges to safety presented by ererging
cockpit tedmology .

In addition to meking pilots aware of autamation-related phenomena, sare
autamation-savvy operators teach practices to help keep pilots in the loop when
using autamation. Cross-checking position using pilotage or radio navigation
equipment is ane exanple tecnique. Backing up or cross-checking calculations
performed by the computer with the pilot’s own mental calculations is another
Bilfer, 2004) .

As a fimal note, it is inportant to note thet the significantly degraded
performence doserved in this study cocurred over a circuit of checkpoints that in
o way represents the most dallenging situations to be fourd in the natical
airspace systam. The area used in this study was smell ard dense with airports
ard blatantly dovicus geographical features (e.g. the Pacific Ocean ard Sierra
Mountains) . Furthemore, the checkpoints were relatively close together. Qe
aly needs to imegine flying greater distances over gpen stretches of the Rocky
Mountains or the Great Basin Desert, where the terrain can look similar in all
directians for hindreds of miles. Situatians like these surely raise both the
challenges and the stakes in the game of finding ane’s way hore.

Effect of GPS and Moving Map Displays
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Abstract

The United States National Aeronautics and Space Administration
(NASA) publishes data (2003) which includes the name, gender,

town of birth, education and some interests of almost every astro-
naut who has been launched into space by the dominant space

explorer, the United States. This list identifies astronauts from the

United States, the former USSR and its subsequently independent
states, Europe, Australia and Asian participants. Our analysis of
this data, we suggest, revealed the most likely characteristics of the
members of the first communities in space. This led us to think

about these communities as “audiences,” just as earthbound com-
munities have been grouped into audience, or “market,” segments

by media companies.

Requests for reprints should be sent to Kay Chisholm, FAA Academy,AMA-530,
P.O. Box 25082, Oklahoma City, CK 73125. E-meil to kay.chisholmefaa.gov.
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Purpose

This article sets aut to demmstrate the relationship between the astronaut
selection criteria enployed by the Uhited States Natiawl Aeronautics and Space
Administration (NASA) and the demographic characteristics of the “first
comunities in space,” namely, groups orbiting on the Space Shuttle and an

Introdaction

“NASA picks astram|ts thet “adk like Averica. Our comtry hes all kinds of
pecple. We are many colors. We are many races. We core from different
places. Sare of us are male. Sare of us are female” (Cawidit, 2004, pg. 1). In
this article, co-researchers an both sides of the Pacific Ocean - in Australia and
the US - investigated this selection criterion, sare of its outcares, and how
successful the space agency has been in selecting crews, which are
representative of U8 aulture. We also posed the follow-up question: “If the first
explarers fran Earth into space ‘lok like Arerica’, what are the first commnities
in space goirg to lodk like?” It is clear that mery pegple cutside the US would
ke wary of American influence spreading even further than it has already; mery
within the U8 also are unsure that this is good policy. Watever the politics,
social scientists, and doservers such as the present team of authors owe it to
hnenity - not to mention extraterrestrial worlds — to sagee the situation before
ary political ar ailtural farce hard-wires the nesr-universe to “lack like itself.”

Rationale and Existing Literature

On the kack cover of Space 2100, Bsard, Griersn, Sauls, Faella, Sdultz,
and Winters (2003) quoted a basic reason for the humen quest to explore and
colmize gpace: “There is ancther reason to go boldly, of corse. A sinpler ae.
W e eplae. It’ s what we do.” More prosaically, n Mining the Moon, sdmitt
(2004) noted that the huren history of exploration has been fuelled by the desire
to seek aut new sources of food, precious minerals, and energy supplies. He
Sugoested that the first space colanies will be an the mom for the primery
papose of mining helium-3. Helium-3 has unique qualities that allow it to be
used as a fuel for nuclear fusion. Hige quantities of heliun4 ard 3 are generated
by the sun ard sent towerd the Earth in the solar wind. However, the Earth' s
megnetic field pushes it away towerds the moon where it is mixed with the dust
ard rock. Not anly is this a practical reasm to establish the fivst space colay,
the benefits could be enormous for industrialised natians such as the US, Chira
ard Buroee. The potential for mining helium-3 also might free the world fram its
Jeperdence — now reaching alarming rates as the price of oil rises — an fossil
figls.

Space is alresdy attracting interest from tourists and potential space-tomrdism
campanies such as Englishmen Richard Branson’s Virgin Galactic, which aims
Yoy the end of the decade ... to meke it possible for almost aryane to visit the
firel fratder at an af fardeble price.” * According to a 1995 survey called the Space
Tourism Initiative?, 60% of respandents would like to take a holiday in space.
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Such holidays lodk more likely now that the $10 million Ansari X-Prize has been
awarded to the SpaceShip One consortium (David, 2004) .

T Space Colonization Basics ,NaSA (2004) pointed out that these lang-term
settlements would ke a place for ordinary pegple. Data in this study indicated
that presently, space travel is limited to hicghly trained and well-educated
astronauts fram well-defined backgroumds. To becore reality, the aost of
settlarent needs to ke inexpensive, while launch systeams nust be safe, reliadble,
ard capable of delivering thousards of pecple, perhaps millions.

As ae exanple, the family name “Qokley” (of ane of the current co-
researchers) has been in space since February 7, 1999, when the NASA Stardust
mission blasted off on its mission to meet Caret Wild 2 in 2004. Co-author
Cokley, alag with aporaximately ane million others®, registered his name and
those of his parents, his son, daughter, ard brother for storage an a microchip,
which was loaded anto the spacecraft before lanch. The microchip was described
at the time by NASA as “a public autreach effort (which) allowed pecple to be
persaally involved with the Stardust mission (and) to prancte public interest,
awareness, ard support of the space program.”* This was also the first spacecraft
designed and dispatched to bring a sample of a coret back to Earth. 2As this
article was beirg prepared for piblicatian, the Stardust spacecraft was orbiting
far cut into the Solar System, about halfway between Earth and Jupiter, havirg
successfully rendezvoused with the potato-shaped comet on Jaruary 2, 2004°.
It is due back in Earth’s atmosphere the same month two years later (2006),
hopefully carrying 4.5 billion-yesr-ald particles®, which NASA says have flown off
the nucleus of the aaret, as well as sanples of interstellar dust’; also hopefully
to a softer larding then thet achieved by the i11-fated Ganesis prdoe an Septarter
8, 20048.

The GKley “Wirtuel jomey” to the caret and kadk is relevart in thet it illustrates
how space camunities will mature: out of persarl interest and sheer force of
ninbers at the lanch pad. In the far distant future, “people like us” will indesd
populate the heavens, in orbiting stations such as those described by Clarke
(1968) . But in the rot-too-distant future, the population will lock like the cast list
from Clarke’s 2001: A Space Odyssey: Dr Dave Bowran, Dr Frank Poole, Dr

Heywood R. Floyd, Dr Andrei Smyslov, Dr Rolf Halvorsen, ard Dr Bill Mideels®.

Cf the fifteen principal daracters (including the voice of the HAL 9000 carputer) ,
anly two are wonren: Elena and Poole’s mother™® . The data we present sugported

The first two phases of humen space travel — an initial period of exploration
(1961-1972) followed by a lengthy experiment in orbital habitation (1973-2003) -
already have been experienced. The early missions were fully government-firded
by the Uhited States ard the Soviet Thim, relatively short in dwration, ad filled
with axnsiderable risk. Therefare, the fivst astranauts were predominently yourg,
male test pilots with engineering or science degrees and military experience.
As the missions lerngthened and evolved — esgpecially with the advent of the
Intermatianl Space Statim after the fall of the Soviet Thim - the astraaut
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ranks becare increasingly diverse. A growing rimber of older, civilian stiatists
ard ergineers fourd themselves orbiting the Earth, alag with the first female
astranauts, private civilian passengers, arnd space “touarists.” Intermmatianl co-
oceration an orbital missians also allowed merty natians to serd their contrymen
into space, joining the rarks of veteran American and Russian astronauts.

We suggest the first comunities in space will evolve dramatically during
the first century of humen space travel (table 1) . The astronauts who conprise
these comnities, or audiences, will change to meet the requirements of new
missians, and their media needs will likewise change according to delivery
mechanism and duration of mission.

Lodking ahead into the secad half of this first century of space travel, the
changing face of human space comumities will be most impacted by the
emergence and growth of a vibrant private sector, which we expect will skew
sought-after attributes of space comumity menbers away from the merely
functional and towards the socially beneficial . Aother critical factar will ke the
axtiruing tred towerd intermariar]l cogeeration ard milti-adltral mission teams.

The gldoal space comumity currently is undergoing a transition phase that
is prevalent an several lewels (ad is likely to aatine for the next 10 years) .
Firet, the American, Russian, and Eurgpean space programs are slowly shifting
their sights from arbital science and research missians to efforts to explore and
colonize the Moon and Mars (Sietzen, 2004, Zubrin, 2004, Xinhua, 2004, &
Angerer, 2003). NASA d ficials have set a tidht timetable of putting a rdoot a
the Moon by 2008 ard a retum of astranauts as early as 2015 (Britt, 2004) .
Also, the Eurcpean Space Agency (ESA) SMART-1 spacecraft entered lunar
orbit in November 2004 (ESA, 2004) .

Secord, as mary other countries ramp up their national space programs,
the rumber of astraonauts fram other nations arnd races in each mission is likely
to increase. Firally, space entreprencurs ard their investors are just begiming
to tap into the economic goportunities afforded by the nascent private space
irdustry .

Beyard this transition period, huren space endeavours will evolve alang two
parallel tracks (govermment ard private) through two more phases: a retum to
the Moon (roughly 2016-2030) and then a venture to Mars (2031-2060) . During
these last stages of the first century of humen space camnities, the primery
changes (other than mission focus and duration) will core fram the growth and
expansian of the private space industry . This irdustry will follow the trails blazed
by the explaratio efforts of the intematiarl government-funded space prograns,
fivst into adit ard then to the Mo, Mars, ard beyad. As human beings stretch
their reach further beyond planet Earth, the demographic composition of these
soace camunities will evolve to reflect the intermatiaal ard public/private blend
of astramauts.

The maturing huven space camunities will contime to require the services
of egineers, scientists, and pilcts, especially those with military experience.
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However, luar ad Martian colarization expeditians will also axsist of geolagists,
civil engineers, ard other professiamals necessary to omstruct humen habitats
in hostile ewiraments. Also, the growing private space sector will enploy a
variety of persarmel, depending an the particular business enterprise. These
may include tourism (orbital and beyad), solar energy, zero-g merufacturing,
ard asteroid and lunar mineral extraction, among others.

Tt is fascirating to thirk thet, in the very resr fubre, an intematicsl aatingat
of astranauts m a three-year mission to Mars may actually be just as interested
in hearing news about what is happening on a lunar colary or an any ane of
several arbiting “cities” or “hotels” as they might ke about sports scores ar
political electians in their hare cortries.

Selection Criteria

NASA publishes extensive material on what it takes to becore an astronaut.
As well as “frequently answered questions” (2004) and “astronaut selection
standards” (2004) for the Space Shuttle Program that includes Pilot Astronaut
arnd Mission Specialist, it also pdolishes material designed to interest ard edicate
younger readers, the astranaurs of the future (Canrdight, 2004) . Here, in sinple
temms, the agency (Canright, 2004) stated that a “list of nusts for astramaurs
(includes that) they must: work well with pecple, ke able to talk to others, write
well, be excited to do the jdb, e good workers, have good grades, (ard) have a
collere degree.”

There are no age restrictions; however, most astronauts (including those
who have advanced to management roles) selected now are in the 26 to 46 age
range with the average being 35 years. To apply through NASA you nust be a
US citizen, however, two types of astranaut positions today are not S citizens
- the Itemeticel Astraaut (Individuels selected fran astside the TS for specific
tasks) ard Payload Specialist Astrawur (ot flight crew) . Those comtries with
intermatianal agrearents with the US select carndidates for those positians,
thus ensuring an intermariavl crew an all shirtle fligits. Although there is no
requirvement for flying experience today, it is encoraged for Mission Specialist
(flight crew) candidates. NASA continues to require stringent medical
requirements as well as a bachelor’s degree fram an accredited college or
wmiversity in the fields of egineering, gysical science, biolagical science, or
mathematics. NASA accepts both civilian and military candidates for the US
Space program.

Today’ s astraat profile dif fers franearlier years. At the begimming of the U8
Mercury program McdNenera. (2001) pointed cut that the first astranauts selected
by NASA were less than 40 years old, were no nore than 5 feet 11 inches in
heidht, were mostly test pilots, and had 1,500 hours of flying jet aircraft. Nae of
the initial US astronauts were waren. This did not to change until 1978, when
NASA advertised for the first women astronauts. On June 18, 1983, Sally Ride
became the first US woman to fly in space an SIS-7 as a Mission Specialist.
Post-Mercury qualifications changed, requiring US astronaut candidates to be
US citizens less than 35 years old, less than 72in tall, be graduates fram a
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military test pilct sdrol, hold a badelar’s degree in pysical, biclogical science
or the engineering field, ard have a favourable recaomendation fram their
employer. Russian standards dif fered, allowing waren to fly in spacecraft as
early as 1963.

Semi -permenent commities in space will be characterised firstly by their
renoteness ard at-least physical isolation from other commnities. Astronauts
are likely to take universal traits into space with them: Trust/mistrust; religiosity
or the absence thereof; goamess/closedness; ard their varicus interests (rural,
urban, etc). Comunications between Earth and base, by necessity, will ke
almost conrpletely camputer-mediated, although the regular, if mot-too-freqat,
arrival of dhttle craft, ad the possibility of space elevatars wauld facilitate
some human contact (Boucher, 204, n.p.).

Other comunities of explorers and adventurers have exhibited “audience”
deracteristics. In the 19® cantury, travellers fran Australia to England published
shipboard newspapers (Blainey, 2003):

The ship (the Great Britain in 1862) had called at no port and (encountered)
anly a couple of vessels but gleaned from them no news. Such a ship was like
a modem space capsule, but totally aut of touch with cutside society.The news
of importance came from within the capsule itself — fram the whims, friendships,
ard jealousies of the people thrown into each other’s carpany (p. 72) .

Comunities of explorers ard researchers in Atarctica also exhibit “adiaxe”
characteristics (@kley, 2003) ard display immovative means of comunication.
One sample population® displayed daracteristics of being imovative and well
educated, as well as being well sugported by a large and well-funded goverrment
orgenisation. These dharacteristics are already identifiable amog the existing
poodlation of astronauts. Harriso, Clearwater, and McKay (1991) and Dudley-
Rowley, Whitney, Bishop, Caldwell, Nolan (2001) sugport this.

Menbers of these new extraterrestrial comumities will most likely be
selected on the same basis on which astronauts are selected now, and have
been since the begiming of himenity”’ s ventures into space.

Cooper (1996) , Blure (2000), and Fitts (2000) irvestigated the engineering
issues of designing for humen habitability in space. Blure (2000) noted, “poor
hebitability can inpact [l productivity, safety, well-being, and performence.”
Cooper (1996) identified prdblems on long space missions such as arxiety,
arctiarl hypersensitivity, irsmnia, irdtaaility, and depression. NASA programs
such as the Humen Factors centre at Ames Research Centre (Graves, 2004)
are secking countermeasures to these characteristics.

Tn a N8SA “Heedlires” article (2002), titled Space Medicine, NASA pointed
out how tough space travel can be an the body . Mascle atrophy, bae loss, loss
of blood wolure, radiation, ard alteratians to the sense of balance will be
experienced by the first people to colanize space settlements. Right now the

Astronauts as Audiences

173



174

primary countermeasures are sinply exercise; at least two hours per day.h
addition, this means developing other contermeasure tecdhnologies and expert
systems that ordinary pecple can cperate effectively to overcore these
situations. Sare medications, such as biphosphonates to reduce bone loss,
and the bone-cancer chemotherapy drug zoledrcnate (Peplow, 2004) , may also
prove useful for the first space settlers. Slesp ard its effects an future famle
long-term space travellers are being studied by the Eurcpean Space Agency
(Jost, 2004) .

cooking to “cheer up” space travellers (ESA, 2004), andrre]a_ngprmmcn for
astraalts to vote in tervestrial political electians (AP, 2004) .

Caldwell and Taha (1993) noted that, while computer-mediated
comunications systems can benefit members of small groups in increasing
the amount of comunication arnd reducing social isolation, this effect anly
oocurs when the aonputer-mediation satisfies the needs of the group ard irvolved
graup processes. Gldous (2004) identified sore groups who might find advantages
to space colanization as:

- The handicapped who would benefit from the zero-g enviromment and
from camputer mediation for their existing commication chamels;

- Certain religicus gragps who wartt to practice their faith away from other
aanpeting faiths;

- Govermments, seeking new penal colonies;

- Paople with different forms of political or social noms, similar to the
early Arerican settlers.

- Firelly, those who see the advantage of “building new land” rather than
taking from somecne else.

Methodology

NASA published data (2003) which included the name, gender, tomcf kirth,
education, and sore interests of every astronaut who has been launched into
space by the dominant space explorer, the United States. This list idatified
astronauts from the United States, the former USSR and its subsequently
independent states, Eurgpe, Australia, ard Asian perticipants. The list cotained
several definitians of kinds of astramaut, collectively described as “career
astranauts” : active, menagament, former, ard intematiawl Wridt, 2003, n.p.).
“Active” described US astranauts who are currently eligible for assigmment,
including flight crews; “menagement” included experienced astronauts who have
been promoted to other positions within NASA and astronauts otherwise
unavailable for direct assigment; “former” described astranauts who have left
NASA or who are deceased; and “intermational” described astronauts from
international space agencies who have trained at Jolnson Space Centre and
serve as mission specialists with NASA (Wright, 2003). Fram the list of 347
arrat, famer, and deceased astramauts, the researchers in this project selected
only those who had flown three times or more since NASAs manned space
flight programbegen, until the Space Shirtle Columbia disaster of Jaruary 2003,
producirg a list of 132 irdividials. nly four (11%) of the 36 NASA irdividels
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listed as “menagement” had flown fewer than three space missions, and the
average number of missions among “management” astronauts was 3.6. Louw
(2001, pp. 156-157) noted that senior menagerent in an orgenisation tend to
hire ard pravote others like tham, resulting in a process he called “staff claning.”
In an cutoares-driven program such as space flight, we suggest that astranauts
who have flown the most missians have exhibited traits and skills most suited to
the required tasks, ard thet these traits and gkills will e “claed” into ypcaming
astronauts who will form the space crews and commnities of the future.

Among menagement astronauts, only 2 (5%) were born outside the US:
(osta Rican civilian Frarklin R. Cherng-Diaz; and ZAustralian Andy Thomas, both
of whom have adopted US citizenship. Only 10 (28%) of the management
astronauts are female. No female Russian or non-US female astronauts had
flomn sufficient missians to be included in aur final sanple of 132, which inposed
a limitation o the results: ae that we acospted nevertheless. We also examined
the 39 “payload specialists” listed separately by NASA ard elsewhere ard results
are presented separately in each case.

Data from the NASA Astronaut Fact Book was divided among the research
team for talulation into Microsoft Excel files, and then conbined into two master
files (astranauts ard paylosd specialists) for amalysis by each of the researders
Intum. Analysis todk the form of identifying groups of individuals who shared
characteristics such as qualifications, occcupations, origin, age, and gender.
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Legend:
1. 115 men; 17 women
2. 67 degrees containing the word "engineering,
65 degrees from other areas.
3. 84 degrees from non-military colleges; 48 degrees from US Navel or
Air Force Academies.

"o

physics," or "mathematics;"

Figure1. Distribution of characteristics amag general astranauts. Data source:
NASA. (© 2004 William B. Rankin IT)
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Results

Of the 132 astranauts in the sanple, 115 (87%) were meles, leaving anly 17
(12.8%) females (figure 1). In the US general popdlation, however, females
outrurber males 1.03:1 (US Census Bureau 2002) . NASA stated? thet by 1993,
180 Caucasian men and 21 women, 6 African-American men and 1 woman, 3
Hispanic men and 1 women, and 2 Asian men had been selected for the astranaut
program. In the general popalation, imdividuals identifying as “white” outrinbered
the total population of black ar African-Avericans, American Indians, Alaskan
Netives, Asians, and native Hawaiians 4.5:1.

More astranauts in the sample (14 or 10%) lived in Texas than ary other
state, followed by Califamia (9 or 7%), Florida, and New York (5 or 4% each).
Further research (see “Ooclusions”) will irnwvestigate if this has any desper
significance. Of the 28 wo had flown the most missians (5-7 flidgits), 13 idatified
themselves as residents of Texas (site of the Jdmson Space Centre, where
most training takes place) and two of Florida (site of the Kamedy Space Cantre,
where most launches take place) . We noted that this is prdoably a natural
result of astronauts moving their homes and families “near work;” however ,t
showed potential for further research into the adltural, food, nusic, political ad
religicus preferences of these senior astranauts.

More astronauts in the sample were bom in New York or Chio (8 or 6% each)
than any other state, followed by Texas, Tllinois ard Califomia (7 ar 5% each),
ard Michigen (6 or 4%) . Other states or territories featuring less as astranaut
birthplaces in the sample were Arkansas, Alabama, Arizona, Colorado,
Comecticut, District of Golurbia, Delaware, Florida, Georgia, Iowa, Indiana,
Kansas, Kentucky, Louisiana, Massachusetts, Maryland, Mimmesota, Missourd,
North Carolina, North Dakota, New Jersey, Oklahoma, Pacific Islands,
Pamsylvania, Rnode Island, South Carolina, South Dekota, Termessee, Virgria,
Washington, and Wisconsin, indicating that 15 (30%) of the 50 US states had
ot ontributed astronauts to the sanple uder review. In the TS gereral
poodlatian, the bulk (35.8%) of residents live in the south, followed by the west
(22.8%), the mid-west (22.6) and the north-east (18.8%) (US Census Bureau,
2002) .

The mejarity (75%) of the astramauts’ sanple had dotained their first wniversity
or college qualification in engineering, physics, or methamatics: 67 (51%) for
degrees containing the world “engineering”; 23 (17%) containing the word
“oysics”; and 10 (8%) containing the word “methematics.” In the general
population, anly 26.7% of US citizens said they had college degrees or higher
and anly 15.6% of the population was enrolled in higher education in 2002 (US
Census Bureau, 2002) . More astronauts (48 or 36%) dbtained their degrees at
the U8 Nawval, Military, a Air Farce Acadamies then any other college or wniversity.
Purdue and Aubum Uhiversities and the Uhiversity of Texas were identified as
the next most popular uiversities eamog candidates for selection, but together
they anly sugplied 10% of all astraauts in the sanple. Other institurians providing
more than ane astranaut to the sanple were Cormell University, Geagia Trstitute
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d Technology, Massacdhusetts Institute of Technology, Stanford Uhiversity,
Syracuse University, University of Califamia (Berkeley), ard the Universities of
larado, Tlimis, Kansas ard Missourd. Firally, more then half the US astranauts
have been in the scouting movement (Canright, 2004) .

Anong the 39 payload specialists, only 6 (15%) have flown more than one
mission and all but ae of those milti-fliers (83%) have been US natiaals.
Gereral traits of the payload specialist population (Figure 2) are that 35 (90%)
have been male and 4 (10%) female; 22 (56%) have been drawn from the US and
17 (44%) from other countries (no other country featuring more than ance) ; 33
(85%) have been married and 6 (15%) single; and 31 (80%) have had postgraduate
degrees; while 8 (20%) have had uwdergraduate or graduate degrees. The average
age of paylcoad specialists has been 43 years. Regarding fields of study, R
(82%) of the paylcad specialists have had science or engineering qualificatians
as their first or secod university degree ard 22 (56%) have focussed an ghysical
ar life sciences in their highest degree. 2As well as their principal fields of stady,
15 (38%) were idatified as having been selected an the basis of their professianl
kackgrord in the physical or life sciences. There was no identifiable trad in
their erployers, although it is worth noting that ane was a US teacher, ancther
was a US Senator, amther, the prince of the Saudi Arabian royal family, ad
arother an expert in US military intelligence.
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Legend:
1. 33 have flown once; 5 twice; 1 three times; 2. 35 were male; 4 were female
3. 22 were from the US; 17 were non-US; 4. 33 married; 6 single
5. 31 postgraduate degrees; 8 graduate or undergraduate degrees

Figure 2. Distribution of traits among payload specialists. Data source: NAGA.
(© 2004 William B. Rerkin IT)
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Discussion

Fram our review of the literaure ard data, there is little dodet thet the first
space colaty will be carposed primerily of highly trained ard well-educated
astranaurs. The population most likely will be intemmatiamal, nostly mele, and
aatain both military and civilians alike. Just as Dr. Wemer vaon Bran, the father
of space travel, realized in the early days of the US space program, it will take
govermment conmitment and substantial financial resources for space
aolanization to becore reality. Materials, energy, transportation, camunication,
life support, ard rediation are it a few of the key issues that will have to be
addressed. Space settlanat is feasible, ut will be very dif fiault and expensive.
For this reasm, joint pertmerships with private industry might ke a feasibility,
Jependant upon the tremendous business potential in the mining for preciocus
metals and energy resources.

Based an current trerds in the data, research in the first space cammnities
will foous an the followirg fields:
- Astrophysics
- Medicine
- Astronomy
- Geology
- Biolagy
- Military Research
- Mission to Planet Earth Issues

Conclusions

In the lang term, the cost of space settleaments needs to be inexpensive to
becare a true reality for ordinary pecple. Launch systens will need to be safe,
reliable, ard capable of carryirng thousands, if not millions into space. New uses
will grow as the cost is reduced. We reiterate Gldous’ (2004) suggestion that
uses will inchde:

- Settlements for religicus groups who want to practice their faith.

- Peral colanies

- Handicapped that would benefit from the zero-g enviramment.

- Settlamants for pegple with different political or social noms.

- Firally, those who see the need of “ouilding new land” rather then taking
fram ancther.

There is cne more conpelling reason for menkind to expand beyond the
bouds of planet Earth. As the population ard its inmpact on the envivament
contimue to grow, tremendous demerds are put an the limited natural recourses
of our planet. The moon may becore a source of energy from the mining of
heliun-3, a sorce of eergy that could ke exploited without the darnger of releasing
radiation into the atmosphere. Mars may have water deposits and hold potential
chemicals that could be used to produce rocket fuels. In the future, Mars could
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even becare a mejor resupply colany for ships destined to asteroids and other
planets ard moos within aur solar system. The question is not if we will colanize
space, hut when we will colanize space. The basic questions left for us to
ponder are Who? What? Where? How? Why? and When? Mankind’s nature is
to explare, it is what we do.

W e suggest that our current research can answer the “who,” “how,” ad
“why” posited above ard we and others are som to embark upon further research
to irvestigate these uusual audiences from anthropological, psychological and
camunications perspectives. Firstly, govermments and space exploration
agencies such as NASA and the ESA need to urgently redress the under-
representation among crews and payload specialists of (a) woren, (b) non-
Caumasian individuals, ad (c) intellectuals trained in the himenities ard social
sciences such as literatuare, history, comunications, ard politics. Secordly,
those govermments and agencies need to investicate why, ad if possible radress,
the situation in which 30% of the US states have not been represented in the
most influential group of astranauts (our data sanple) , and why anly a harndful of
oolleges ard wniversities are attracting potential space-flight cardidates.

Tt also would ke wise for natians other than the US to press for a greater role
in astraaut training ard selection and for the opportunity to meke a greater
amtribution to the colanization of space than they meke at present.
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Abstract

This paper identifies important skills and capabilities required of
individuals employed in airport operations and management posi-
tions. A total of 106 airport managers and airfield operations per-
sonnel responded to a survey seeking the identification of skills

and traits deemed important for entry level airport operations per-
sonnel. The respondents represented large, medium, small, non-

hub and general aviation airports. The results from this study add
to the body of research on aviation management curriculum de-
velopment. The data can be used to establish performance objec-
tives and leaming outcomes for training and education programs.

It can further assist academicians, human resource directors and
trainers, and airport managers in understanding desired skills and
traits deemed important for employees engaged in the field of air-
port operations and safety.

Tntrodaction

Previous jourmal articles have stated that the skills and knowledge required
of individuals for entry into the field of airport operations ard nenegament have
changed from a decade ago (Fuller & Truitt, 1977; Prather, 1998; Ruiz et al.,
2000; Flauris & Gibem, 2002; Quilty, 2003; Qiilty, 2004) . Based aon these stidies,
the requirements are becoming more diverse, challenging, ard technical. Most
of the ontent associated with the knowledge requirements can be dotained
through fomel educarion, self-stidy, ar specific training. Knowledoe requiranents
also can be easily assessed in the interview process by testing or questioning
candidates. However, of interest to enployers, acadamicians, and students are

Requests for reprints should be sent to Kay Chisholm, FAA Academy,AMA-530,
P.O. Box 25082, Oklahoma City, CK 73125. E-meil to kay.chisholm@faa.gov.
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Iehrer (1992) lrought to the attention of the aviation comnity the increasing
enphasis of wniversity and college accrediting bodies to assess the learmning
that occurs within an aviation program. The establishment of leaming cutcores
allows for better foous arnd assessnent of the educaticwl or training effort.
Leamning cutcares are statements of the knowledge, skills, or values that
students are expected to dammistrate as a result of their leaming effort. They
are, therefore, indicatars ar behavioral merkers of whether a student or individual
has learmed what he or she is supposed to leam. Lehrer raised the question:
What skills, knowledge, ard values should a well educated aviation graduate
possess?

The Council on Aviation Accreditation (CAA), an accrediting body for non-
erginesring aviation prograns, has identified throush a series of Industry/Fducator
(IE) workshops ard foruns the skills ard traits expected of aviation menagament
programs. Table 1 summarizes the traits recommended by CAA(CAA, 2003. p.
55). The skills ard traits identified were not specific to airports, but addressed
the broader aviation commity as a whole. They also were not identified as to
their degree of importance. This mekes it difficult for educators ard industry
trainers to identify which skills, traits, and lesrming astaores they should foaus
m within a specific arriaulum such as airport, airline, geeral aviation, or
maintenance gperations.

Takle 1
Fundamental skills ard values of aviation graduates

Critical thinking skills

Problem analysis; problem solving

Judgment and decision making
Interpersonal skills

_Oral and written communications
Conflict management/conflict resolution

Team building; team maintenance; individual accountability
Values and attitudes

Ethical standards; integrity

Flexibility; versatility; openness 1o change

Curiosity, imagination, creativity

Motivation

Passion

Dedication

Flouris and Gibson (2002) surveyed undergraduate aviation management
students fram four wiversities regarding their perceptians about what skills are
of significant to employers. They recomrended the need to seek employer
perceptions about the skills necessary for aviation menagement graduates and
carpare them to their findings an student perosptions.
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Quilty (2004) identified five issues facing the academic comunity related to
entry level knowledge ard skill requirements for airport operations positians.
One recamendation fraom his analyses was for a study to better identify the
gpecific gkills and leamning cutoares necessary for graduates of aviation
management and operations programs. This suggestion stemmed from the
argurent that one course in airport menagement was not encugh to adequately
prepere collece shdats far tody’ s entry level positians. Quilty felt thet additiasl
specific skill-based education was needed because the basis for meny current
aurricula standards was not focused an airport gperatians specifically.

In his 2004 study ard aralyses, Quilty reviewed entry level aivport gperations
position ammouncements from the American Association of Airport Executives
Jjdo listings for the period Jarwary 1999 to Decenboer 2003. Fram a skill ard trait
perspective, the position ammouncements showed several comon themes, such
as cammication skills, crisis menegament skills, computer literacy, use of
sourd judgrent, preparation of and presentation of reports, collection arnd
amalysis of data, plaming and coordinating activities, and use of effective
menagement skills (Quilty, 2004). These skills ard traits point to lesming
autaares that are necessary for an overall wiversity aviation arriculun. They
help to defire the type of develaarental activities that ghauld coorr within aviation
program course offerirngs or an airport training program.

Quilty (2004) went on to question to what degree should skills ard traits be
develogped, and at what educatianal level should they be emphasized or taught.
He thoght that institutions at the associate 2-year degree level could best
foaus am specific training, ut that they do so at the expense of the nore gereral
and broad-based education and trait requirements expected by CAA, other
wniversity ar accrediting bodies, or the aiyport industry . Baccalaureate degree
granting institutions are thought to have tedhnology and menagement programs
that better address the needs ard requirenents of the industry by providing both
soecific gkdl1-fased acquisition arnd breeder educatiael develaoment. Still, within
airport organizations, airport menagers and humen resource divectors may need
to provide better training programs to further develop or meintain the requisite
gkills ard traits. This is evidenced by the runmber and type of seminars,
workshops, and anferences held by trade organizations such as Airvports Goncil
Internatiawl (ACT), American Association of Airport Executives (RARAAE),
Ttemetiasl Air Transpart Association (IATA), ard the Netiamwl Alr Trensportation
Association (NATA). This study provided useful data for developing leaming
autaores for entry level airfield gperatians persarel .

A review of jdo descriptians far entry level airport goeratians positians indicated
gkill ard persawl trait requirements are as essential to satisfactory jdo
performence as having the requisite knowledge. The current research noted
previcusly holds that airport menagement and cperations enployees must have
effective team, interpersomal, commnication, and decision-meking skills. They
must ke leaders, behave regpansibly ard ethically, have a tolerance for anbiguity,
ard a host of other persanl attributes. The referenced literature review also

Skill and Trait Identification
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indicated research is still needed to help validate the degree of inportance for
these traits, as it golies to specific aress ard levels of aviation.

This paper continued the work of others to develop aviation menagement
axriculum by identifying the degree of inportance of several skills ard traits
deeed inportant by airport menagers and employees for individuals seeking
ar expoed in atry leel positias in the field of airpart qeratias. This infametion
formed a basis for establishing both perfamence dojectives and learming outcores
for educatianal ard training programs.

Methodology

The survey instrument used in the study was targeted toward individuals
whose jdo positians are related to the safe gperation of the airfield, such as
airfield goeratians, meintenance, ard ingpection. Individuals having responsibility
for the hiring or supervision of airfield geeration enployees, ard individuals
arployed in gperations positions were solicited also for study participation. The
study specifically targeted airfield qoeratians rather then terminal or larndside
Cperatians.

The survey instrument was developed by combining variables from the jdb
descriptians analyzed and used in Quilty’ s (2004) study; the CAAAccreditation
Standards Marual (CAA, 2003); Flouris and Gibson’ s (2002) survey instrument,
ard a similar gkdll list develgeed for the Netiaal Business Aviation Association
(NBrA) Corporate Aviation Management Develcpment Committee (Quilty, 19%).
The survey was pretested among members of the AAAE Aivpxt Training
Committee. The survey was approved further for use by the Human Subject
Review Board at Bowling Green State University.

The data were collected from large b, medium hub, small hub, non-hub,
ard gereral aviation airport goerators. The airport categories are identified by
the FAA Netiaml Plan of Integrated Airport System (NPIAS) . The hib designation
relates to the ruoer of cperations and passenger erplanaments an airport has
over a year’'s time. For the year 2003, there were 31 large-hib airports, 37
medium-hub airports, 68 small-hub airports, 247 non-hub airports, and 2,961
other airports (other comercial service, reliever, gaeral aviatian) in the NPIAS
(Department of Trangportation, 2004, pg. 5).

In initial mailing of the gkill survey was e-eiled to 356 individials who were
identified in the 2003 manbership divectory of 2AA2E. Of the initial meiling, 82 e-
mail addresses were returmed undeliverable and 274 e-meils were successful in
being transmitted. Of the 274 valid e-mails delivered, 116 respanses (42.3 percent)
were received with 106 of those responses (38.7 percent) deemed usable for
eahetim.

Damographic information oollected for this study included the respadent’s

position ard title; whether the respandent was in supervisory position or entry
level position; the rmunber of years a respandent was enployed in the airport

International Journal of Applied Aviation Studies



professian; gender; the level of formel education received; ard the size of the

airpyt. The survey presented the skills in a random list generated by the author.

The survey asked individuals employed in airport menagement and gperations
positions their perosption of those gkills inportant to irdividuals enployed in
the field of airfield goeratians, ar those individels havirng ditties for ingpection ar
safety of the airfield. The survey asked regpadents to select ard identify fram
28 different cgpebilities anly the ten most important gkills ard traits deamed
important for an airport operations enployee. The selections were to be based
o the respadent’ s experience and were to ke ranked from 1 to 10, with 1 being
the most inportant gkdll or trait. For the ramining variables that were not rarnked
fram 1 to 10, the mean for the rankings from 11 to 28 (19.5) wes assigned to
each variable. A mean and standard deviation analysis was then accomplished
far all 28 variables framwhich their overall rarking (1 is highest) was determined.
Statistical amalysis was acoarplished by the Statistical Cosulting Center at
Bowling Green State University using SAS programming.

Definitions

Skl refers to the ability to use ae’s kowlede effectively ard readily in
execution or performence and is the learned power of doing something
conpetently as a develgoed aptitude or ability (Webster, 1989). Trait means a
distimguishing daracteristic, quality or featire as apolied to an individuel
employed in airport operations (Webster, 1989).

Study Limitations

This study was limited to ARAE members employed at various airports in the
United States. It is unknown how merty individuals in menagement, supervisory
or entry level gperation positions are not menbers of ARAE, and therefore were
ot inchided in the solicitation. Another limitation is the degree of understanding
respandents mey have about the meaning behind each of the skills ard traits
identified, or the degree of sementic bias individuals may have for the various
wards used. to describe the kill ar trait.

For instance, the ability of an individual to argue and deoate issues well is
often viewed as an irdication of lesdership ability . The variable “argue and debate
issues” was intended to have the mesning of discussing and presenting a positive
ar strayg point of view, as in a persuasive argurent. Based an the respanses, it
is possible that a more negative camotation was conveyed—that of argument
as an undesired sccial interaction.

(e other limitation of the study was the seasomality of the survey. The
survey was canducted in the sumer months of July to August and so responses
ey reflect several seasaal factors such as staffing shortages due to vacatians,
nm-winter goeratians, or heavy aonstruction activity.

Results

Of the 106 respanses, 15 (14.1%) were from airport menagers, 59 (55.7%)
from airport geeratians supervisors, and 32 (30.2%) fram entry level enployees.

Skill and Trait Identification
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The demographic respanses were from 86 males (81.1%) and 20 females (18.9%).
Respanses from large-hub airvports cormprised 19 (17.9%) of the total, medium-
hub adrports were 19 (17.9%), smell-hub airports were 16 (15.1%), non-hub adrports
were 26 (24.5%), ard general aviation/reliever airports were 26 (24.5%) of the
regpondents. These demographics provide a cross section of the airport

Table 2 represants the amilative ranking of skills ard traits deared inportant
for individuals holding positians in airport gperatians at airports in the United
States of Arerica. The ranking is based upon the means (M) . The standard
deviation (D) is provided to give an indication of the range of respanses fram

the mean.
Teble 2
Qumulative means ranking of skills ard traits
Rank Skill Variable M SD
1 Communicate well with others 5.6 5.2
2  Know what is or is not a hazard to safety 7.5 7.0
3 Have strong work ethic & internal work standards 9.3 7.6
4  Take personal initiative 10.2 7.2
5 Be ethical 11.3 7.7
6 Manage time well 11.6 7.6
7  Plan and organize daily activities and information 11.6 7.5
8  Think independently 12.8 7.2
9 Interact well with contractors and engineering firms 13.7 6.4
10  Understand legal and liability issues 13.8 6.8
11 Be aleader 13.9 7.4
12 Listen to others 14.4 6.7
13  Follow directions from supervisors 14.8 6.7
14 Write reports and present analyses 14.8 6.5
15  Know right from wrong 14.9 7.3
16 Manage stress 16.1 5.6
17  Be courteous and polite 16.1 5.8
18  Operate word processing & records management programs 16.3 54
19  Be technically and mechanically inclined 16.7 54
20 Manage interpersonal conflict 16.9 5.3
21 Modify personal behavior to suit the situation 17.0 5.3
22  Engage in public relation activities 17.1 5.3
23 Understand politics and power in organizations 17.2 4.7
24  Work with budget and accounting numbers 17.8 4.5
25 Negotiate with others 18.1 4.1
26 Engage in team building activities 18.4 3.8
27  Operate database and/or AutoCAD program 18.9 2.6
28  Argue and debate issues 19.0 2.4

Note. The lower the number, the more important the skil. “N = 106

The rankings shown in Table 3 aorpare the amilative rankings for all airports
to how each of the five different category of airports respoded. The low respanse
rate for each airport category did not allow for adequate statistical carperism.
However, the data can be of value to airport trainers ard hiven resorce divectors
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in helping to identify possible divergence and needs amang the different sized
alrports, primerily for the lower rarked variables since geeral agreanent existed

faor the higher rarked variables.

Teble 3

Skill and trait rankings by airport size as determined by means analysis

SKill Cumula- | Large |Medium | Small | Non |Other
tive Hub Hub Hub Hub GA
Rank, | Rank, | Rank, | Rank, | Rank, |Rank,

Communicate well with others 1 1 1 1 1 1
Know what is or is not a hazard 2 2 2 2 3 2
to safety
Have strong work ethic and 3 3 3 4 2 3
internal work standards
Take personal initiative 4 6 5 3 4 5
Be ethical 5 5 10 5 6 7
Manage time well 6 13 6 9 5 6
Plan and organize daily 7 7 7 6 7 4
activities and information
Think independently 8 4 4 7 12 9
Interact well with contractors 9 10 9 16 10 8
and engineering firms
Understand legal and liability 10 16 8 14 8 11
issues
Be a leader 11 9 13 10 11 12
Listen to others 12 14 12 11 15 10
Follow directions from 13 8 16 8 17 17
supervisors
Write reports and present 14 11 11 13 14 21
analyses
Know right from wrong 15 15 21 17 9 13
Manage stress 16 12 17 19 18 22
Be courteous and polite 17 18 15 21 20 14
Operate word processing and 18 17 14 15 23 19
records programs
Be technically and 19 28 28 12 16 16
mechanically inclined
Manage interpersonal conflict 20 24 20 18 22 18
Modify personal behavior to 21 23 18 20 21 20
suit situation
Engage in public relation 22 20 27 22 13 24
activities
Understand politics/power in 23 19 22 28 24 15
organizations
Work with budget and 24 25 26 23 19 23
accounting numbers
Negotiate with others 25 21 19 25 26 26
Engage in team building 26 22 23 26 25 25
activities
Operate database and/or 27 27 24 27 28 27
AutoCAD program
Argue and debate issues 28 26 25 24 27 28

Note. The lower the number, the more important the skill.

‘n=19:° =16,°n=26;"'n=

26

AN =106;"n =19;
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Discussion

Current academic practice and accreditation standards require the
establishment of learning ocutcomes for academic programs. The purpose for
establishing leaming cutcores is to allow for more focused instructianl effort
and assessment of that instructicmal effart. Ultinetely, perhaps the best
assesgment of a college or university program is the initial hiring and contirued
employment of a graduate, but employers desire better assurances in that
process. The determination of industry expectations helps the academic
comunity and industry better understand the skill sets needed by individuals
to be sucoessful .

The survey conducted has ingredients of both broad and specific skills and
traits. The identification of “commicate well with others” as the most often
nesded skill was not surprising. The rarking echoed Fuller and Truitt’s (1997)
findings fram airport cmsultants and Flouris and Gibsan's (2002) findings
corparing student and employer perceptions on menagement skills. What was
Surprising in this study wes that the vardable did not meke the top ten list of all
respondents, as evidenced by the SD.

However, the gkill is a broed ae ard encanpasses several of the other gkills
ard traits listed. It is possible that sore respondents viewed cammnication’s
subtraits more inportantly than the generalized trait. Being able to comunicate
well with others includes conpanents of listening skills, being able to write
reports, being courtecus ard polite, menaging interpersanal onflict, engaging
inpddlic relatiom effarts, regotiation, eppgirg in team bhuilding activities, interact
well with contractors, and being able to argue and debate issues.

The secod highest ranking, “know what is or is not a hazard to safety,” was
to ke expected in light of the role airfield queratias persarel have at airports to
oversee airfield safety, alayg with the federal regulatory requiraments of 14 Gode
of Federal Regulatians Part 139.

The third, forrth and fifth rarkings of “having strag work ethic ard intermal
wark standerds,” “take persasl initiative,” ad ‘e ethical” hichlidght the inpartance
of value education in today’s academic ervirament. These findings supported
Odermen’s (2002) justification for ethics education as pert of an aviation
management program. 2As a leaming autcoe trait for today’ s graduates, value
education cares through a dedicated learning ernvirament of role modeling,
active engagament and discourse, and social interaction.

The sixth and seventh overall rankings (“menage time well” and “plan and
arcenize daily activities and informetiay’) share a similar skill set. They both
pointed to the finctioal menagarent skills of plaming and orgenization, ard to
the degree of activity that an goeratians individal is expoed inhis ar her dities
at an aivport.

Tre eighth skill of “thinking indspardently,” reflected the often autanomous
decision-meking respansibilities and conditions that an operations enployee
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functions under . The ability to think indsperdently can further reflect the basic
knowledge requirements that an individual must have to perform his or her jdo
aarectly.

Beyard the eighth skill, there was less agreement among the various size
alrports as to the skills that are inportant. Tret is not to say that the ramining
gkills are not inportant for an airport goeratians erployee, hut rather that the
higher ranked gkills ard traits are viewed collectively as more inportant or that
they are perceived to have a greater jdb consequence associated with them no

This can ke attributable to the different arganizatiarl structures ard assigned
Jjdo duties, amayg other reasans. For instance, the 19th rated &kdll, “Be tedmically
arnd mechanically inclined” was rated higher by srall, non-hub and G airports
than by those at large and medium sized airports. This would meke sense in
light of the larger airports having more specialized departments with enployees
gkilled in those aress, while the smeller organizations would not have dedicated
persarel ad the respansibility would fall to the airport goerations aerployee.

Qe could arguee that meary of the lower rated skills in Table 2 are a necessary
ingredient for an airport operations enployee, but depending upn the size of
the airport ard its argenizarion, variatians avag the tagks at each airport level
are being discermed. For instance, expging inpublic relatians activities ar udoet
and accounting received the most responses from non-hub airports. Non-hub
have.

of ae to ten. “Interact well with catractars ard eginesring firms” did not receive
ary individual renkings greater then three. Yet it achieved a rarking of nine,
indicating a good degree of importance for mery airvports. It mey be that because
the survey was conducted in the prime construction season of July and August,
ocerations enployees, who often are the ansite representative of the airport
menager to construction and engineering fimms, were routinely engaged in
interaction with them. Fuller ard Truitt (1997), Prather (1998), Ruiz (2000), and
Flauris ard Gibsm (2002) did not include a similar knowledge or <kill in their
studies.

Rauding aut the top ten lists of skills ard traits is the ability to uderstand
legpl ard liability issues. While this also could be deared to ke a pare knowledoe
requirement, the understanding leads to decision meking and judgment about
wet is ridht ar wrayg (the 15% rated gkill), ethical bedbeviar (5% rated), ard carryirg
aut operational duties of enforcement—a task normelly assigned to an airport
operations employee.

A final doservation of the rankings was the 26th position of “engage in team

building activities.” In recent years, the nature of academic teaching in
management and quality has focused on team building, crew resource
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menegenent, ard quality circles. This author fourd it surprising then that it was
a low rated skill. This ey ke relared to the much higher rared “thirk irdependently”
ard to the notio that meny cperations individuals work independently as well.
However, it does not accoat for the fact that goeratians persarel have to
interact with the piblic, airport tenants, and other operations enployees a
chifts, all of which require skills ard traits in team building and workding tooether .

Significance of Study

This paper reports an a study that identified the inportance of various skills
ard capabilities far airport gperatians positians. Fram this infametion, educatars
can better structure arxriaula for graduates of aviation mensgament and goerations
programs at oolleges and wniversities, and trainers can develcp material that
better addresses the knowledge, <kill, and abilities (KSB) needs of airport

The study should assist academicians, huven rescurce divectors, and airport
menagers in understanding basic skill requirements deemed important for
arployees engpged in the field of aivport goeratians and safety . From the ranking
of skill requirements, learmning cutcares can be identified as well as areas for
instructianal developrent within organizations. While not to ke considered a
taxanomy of ekills, the data presented lead to generalized learning cutoones
for college and university aviation menagenrent programs.

While providing sugpart for the dd 1l ard trait sets identified by the Gouncil an
Aviation Aocreditation, this study provides insight into the degree of inportance
far those kills. Therefare, accrediting bodies can utilize the data in their
deliberations and contirued inprovement processes. It also can be used to
conpare the expectations of students with the expectation of employers, as
suggested by Flouris and Gibson (2002) . Lastly, the study can be used to help
identify KA requiramats in the industry ard assist in the develoorent of learming

outcores.
Recommendations

Based an an aralysis of the respanses, it is recamended that the following
generalized learmning outcomes be addressed for airport ocperations and
menagement curricula and courses at colleges, wniversities, and airport training
programs:

1 That individuals demmstrate carpetent comunication skills ard traits
in varicus social dareins of interpersoal, group, and orgenizaticnal
camunication; as well as skills in writing, pdblic spesking, and piblic
relatias.

2 Tret individiels dammstrate skills ard traits thet lead to the ability to
clarify and assert individual and orcenizatianal values, and to under-
stard noral, legal ard ethical behavior, and decision-meking.

3 That individuals dannstrate menagement skills ard traits in the func-
tiawl aress of plaming, arcanizing, leading, and corrolling.
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4 That individuals danmstrate tedmical ard gperatianl skills ard traits
associated with operating an airport and ensuring the safety of others.

While the assessment of these cutcares would include the normel array of
tests, papers, and doservation within each of the courses offered by an aviation
program, additional or more refined measures are necessary for the benefit of
the industry and erploying orgenizations. Therefore, it is recamended that
the above generalized leaming cutocares be further refined by conducting task
aralyses, and by identifying or determining specific course topics and knowledoe
requiranats that would be requisite to the gkills idatified for atry level airpart
operatians positians.

Mditiaelly, far those colleges ard wniversities preparing individals for etry
level positians at airparts, a review ad nodification of their arriadum ard coarses
should be caxdducted. While all the skills merit inclusion in any curriculum, an
aphesis an the top eight variables listed would be of benefit to the airport
menagement field. Accrediting bodies such as the American Assembly of
(ollegiate Schools of Business (RACSB) and CAA should consider reviewing
their accreditation processes to seek assessment of the highly rated skills
liged. Adrport humen resource departments ard training of ficers should ansider
providing focused training o the skills identified and deared inportant by the
imstry.
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Abstract

The role of diplomacy is inextricably bound to international politics
and extends into the political and economic domain of States when
acts of aggression or flagrant violations cross intemational lines

thereby requiring mediation. The United Nations (UN) and its bod-
ies, such as the International Civil Aviation Organization (ICAQ),

have acted as arbiters in politically contentious issues to uphold
and ensure peace through friendship and understanding among

nations, principally by recognizing the principles of the Chicago

Convention (1944) and the UN Charter. Both Organizations have
proven their viabilities and sustainabilities in their roles as manag-
ers of intemational relations, demonstrating objectivity, discretion,

and judiciousness. This article draws on the various instances of
dispute settlement by ICAO, demonstrating the role played by di-
plomacy in the Organization’s position as the specialized agency
of the United Nations addressing issues of international civil avia-
tion.
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Tntrodction

There would be 1o need for diplarecy in the world today if there had been 1o
socially and politically recognized units known as States. From the inosption of
regulated civil aviation in 1944, diplarecy has been inextricable fram policy-
meking and dispute settlement in af fairs of aviatim. Varied and dwaologically
sequential instances where the ITntematiaal Civil Aviation Orgenization (ICRO,
1947) was requested by its Contracting States to address contentious issues
relating to civil aviation are reflective of the inportance of political ansideratias
that uderlie such disputes. Although political contentions may exist between
States, which is a raral carollary of Statecraft ad intematiaal politics, it is
ot the prview of an intematianl argenization to address political motivatians
of individual States when axsidering issues referved to it ar adjudicating digputes
between States. In this regard, ard as the instances examined below would
reflect, the Intematiasl Civil Aviation Orgpnization has tread a delicate line
between diplomacy and dbjectivity and has emerged as a shining exanple of
the dojectivity and inpartiality dharacteristic of a Uhited Natians specialized
agency.

Current political and diplovetic prablems mostly emerce as a result of the
inability of the world to veer fram its self-serving cocentration an individual
perspectives to aollective societal focus. This distorted gporcach gives rise to
e erphasis being placed on rights rather than duties, an short-term benefits
rather than long-term progress and advantage and on purely mercantile
perspectives ard values rather than higher humen values. Aother sensitivity is
the thin lirne which exists ketween intermatiaal law ard intermatiaml politics,
which, when applied to aviation, becares even thimer.

Popinst this badkdrop, this article posits the fundarental principle that the
overriding thare of intermmatiawl civil aviation has been, ard aotirues tobe, the
pursuit of friendship and understanding among the pecple of the world with the
ultimete dojective of ensuring gldoal peace. Toward this end, both the principles
of air navigation ard aviation ecaomics have to ensure that aviation is developed
in a mamer that would meke sure the world has a safe, reliable, economical,
ard efficient civil aviatio system. In ader to justify this thesis, it is necessary
to examine the exenplary role played by the United Nations ard its specialized
agxy - the Iterratiasl Civil Aviation Qrepnization - in their parsuit of prevative
diplomacy, which has greatly assisted the aviation cammnity in times of digpute
and danger . The parallel synergies that emerge fram an examination of both
these bodies are significant in dotaining an uderstanding of the role of aviatiom
in arrent tines.

Aviation and Diplamacy

The origins of diplamacy date back to the period of darkness preceding the

dawn of history Nicolsm, 1953). It is claimed that anthropoid gpes living in

caves practised a form of diplomacy in reaching understandings with their
neighbours an territorial bordaries pertaining to their owmn hinting grounds.
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The conpelling need to ensure the preservation of life of an emissary, o the
groud that no negotiation aould take place if emissaries, however hostile, were
mudered an arrival, gave rise to the practice of diplawmtic imnity, which is
attributed to Australian aborigines, and is mentioned in the Institutes of Maru
ard in Horeric poans (Nidholson, 1953) . In the modem world, the institution of
the permenent diplaretic mission is the comerstane of intematical diplavecy
and comity, and the diplaowmt carries aut the function of diplamecy, which is
gererally termed “diplaretic practice” (Viema Cawentian, 1961) . It is extrenely
important that nations aporeciate diplamtic practice ard its significance in
their etirety, especially relating to the privileges and itmmnities of a diplaet,
if diplarecy were to be effective. The overall aim and dojective of diplarecy is
to ensure that peace ard justice prevails throghout the world.  To this ed, the
institution of diplaracy is a pre-eminent example of the growth of modem

Tre histary of diplarecy explains the ardgin ard effects of fareign policies. In
the modemn sense, diplovacy means “menegement of intermational relations by
negotiation.” Tntermatriar]l arganizatians within the United Natians uidorella, such
as IR0, are considered managers of intematiamal relations and are therefore
accorded diplamatic immmity, based an two headings: functianal immmity and
absolute immmity. The former category is usually bestowed upon consuls and
certain staff at diplamtic missions and arcgnizations wheress the latter category
is granted to full diplamts of ambassadorial rark (Reinisch, 2000, p. 362).
Generally, fuxctignwl inmnity grants imnity fram lidbility arising ait of an
act performed in the course of duty . This principle was reiterated in the case of
Arab Monetary Fund~ .Hashim and Others described in the 1996 Lloyds Report
(as cited in ICAO, 2002b) where the British Gourt of Appeal held that the plea of
immmnity could, in the best of ciraustances, ke applied anly to official acts
ard the fact that the defendant had acospted a brdle for his omn persanl berefit
whilst coducting his official duties for an intematianl arganization should ot
entitle him to diplamtic inmmity. It is also argusble that courts wauld ke
inclined to apply this principle to diplarets emjoyirng absolute privilege. The
Vienna Convention on Diplomatic Relations (1961) listed in Article 31(1) such
acts as actians relating to succession, camercial activities autside the soope
of employment, and real actions as exoeptians to the principle of absolute
immmnity.

Diplarecy is essentially linked to intemratrianl relatians, partiailarly in the
field of aviatim. Therefare, the evolutio of diplarecy in aviation is intrinsically
kased an the endeavour of IR0 to justify the preanble to the Chicago Cavention
(1944) which stated that the fubure develaorent of intermatiaal civil aviation
may greatly help to create wderstanding and friendship among the pecples of
the warld, yet, its aouse aould lead to a threat to geeral searity . This essatially
means that peace and security of nations is paremount. For exanple, the
principle of avoidance of oonflict between nations, as embodied in the Preanble
to the Coawention, was persmified in ICAO Assembly Resolution A15-7 -
Condemnation of the Policies of Apartheid and Racial Discrimination of South
Africa - adopted by the 15 ICAO Assenbly held in Montreal, 22 June-16 July
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1965, which drew attention to the world comunity that apartheid policies in
South Africa constituted a permenent source of conflict between nations and
that gpartheid ard racial discrimination were a flagrant violation of the principles
enshrined in the Preanble to the Chicago Cowention. The ICAO Assembly
urged South Africa to conply with the aims and dojectives of the Chicago
Cowention. This is a striking exanple of aviation and diplarecy traversing
thraugh the entirety of intermatianl relatians, ad the sagpe of aviation being
extended to cover attempts at disrupting gldoal peace and harmony and the
assurance of humen rights.

Arother instance where the general irvolvarent of intermatiawrl civil aviation
in matters of peace and security was put to the test was at the 17% Session of
the Assenbly (Montreal, 16 30 June 1970) where Resolution A17-1 Declaration
by the Assembly urged States to take concerted action towards sugpressing all
acts which jegpardize the safe ard orderly develagorent of intemetiawl civil air
transport. These Resolutians will be discussed in sare detail later in this
atide.

Destruction of Gaza International Airport

A recat nenifestation of the 1irk between aviation ard gldoal effarts at striving
for peace is reflected in the aasideration by the IO Gouncil of the destruction
of Gaza Tntermatiasl Awpot. At the High-Tevel, Ministerial Gmference an Aviation
Security (Mmtreal, 19 to 20 February 2002), an information paper (IC2O, 2000a)
was presented by Arab States Members of the Arab Civil Aviation Commission.
Cnsequent upm the Gmiference referring this metter to the Gouncil, the Gouncil,
at the sixth meeting of its 165th Session an 4 March 2002, was advised (IC2O,
2002a) that, on 4 Deceamber 2001, Israeli military forces attacked Gaza
Trermatiavl Airport, destroyed air navicgation facilities and barbarded nurmays
ard taxdways until the airport becare unservicesble. It was reported that, when
the Palestinian Authority atterpted a repair an 11 Jaruery 2002, the Israeli
military forces axe again barberded the airport ard its facilities by aircraft,
artillery ard tarks, thereby destroying the rumay, the taxiways ad all facilities.

The Palestinian Authority clained that the destroyed airvport ard air revigation
facilities were used for the trangportation of civilian passengers, search and
rescue operatians in case of emergencies, transportation of rescue material,
including medical equipment, medicines and survival kits for safeguarding humen
Thes.

It wes noted by the Concil that the airport was develgeed with voluntary
contributions from a mumber of Eurcpean countries, which recognized beyond
doubt the urgent need for the airport. Nevertheless, the airport was destroyed
without paying attention to ary hinenitarian cosideration. This led the Bropesn
Union to condem the Israeli actions and reserve the right to demand
carpensation for the dameges. The Council was further advised that the
destructio of the civil airport in Gaza wes an act deliberately perpetrated by a
(mtracting State. It was claimed that such destruction tock place under the
watchful eyes of the intermational commity and was widely covered by local
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ard intematianal media reports, and the CGouncil was requested to cansider the
ramificatians of the act, i.e. catanpt of respect for humen life, the disrespect of

Anorg the oonsiderations of the Comcil were relevant provisions of the
Chicago Cawvention (1944), the first keing Article 4 which stipilates thet each
Contracting State agrees not to use civil aviation for any purpose inconsistent
with the aims of this Convention . Also considered was Article 44 which lays
down the dojectives of IR0, particularly to meet the needs of the peoples of
the world for safe, regular, efficient, and economical air transport (Corvention am
Tntemeriael Civil Aviation, 194). Another Cawention, the Montreal Covention
(IR0, 1971a) wes also amsidered by the Council, particularly the views of the
State parties to the Cawention, to the ef fect thet:

Unlawful acts against the safety of civil aviation jegpardize the safety of
persons and property, seriasly af fect the qoeratio of air services, ad
wdermine the anfidence of the peoples of the world in the safety of civil
aviatio...the occurrence of such acts is a metter of grave concem.for the
papose of deterring such acts, there is an urgent need to provide agorapriate
measures for punishment of offenders (ICAO, 1971b) .

The Council was reminded of Resolution A20-1, adopted at the 20th Session
of the Assembly (Rome, 28 August, 21 September 1973), in particular the
Resolving Clause (3), where the Assarbly solemly warmed Israel that if it
contimed comitting such acts the Assembly would take further measures
acpinst Tereel to pratect intermatiasl civil aviation. Also recalled was Resolution
B33-2, adopted by the 33rd Sessian of the Assenbly (Montreal, 25 September-
5 Octdber 2001) where the Assenbly stated that Whereas acts of unlawful
interference against civil aviation have becare the main threat to its safe and
orderly develaoment; and Recognizing tret all acts of uilawful interference aopinst
intematianl civil aviation axnstiture a grave offexe in violation of Intermatianl
law; the Assembly Strongly condemned all acts of unlawful interference agpinst
civil aviation wherever and by whorever and for whatever reason they are
perpetrated. Tt was noted that the dallenge facing this High-Tevel Ministerial
Conference was to take ef fective measures in arder to help States in respading
to unlawful interference against civil aviation seaurity and to reject and cadam
the use of civil aviation as weapan of destruction against huen lives and
prperties.

Based on its considerations of the issue, the Council, on 13 March 2002,
adopted a resolution strangly caodeming the destruction of Gaza Intermatianal
Advport ard its air revigation facilities. In its Resolution, the Goucil stragly
aadamed all acts of unlawful interference agginst civil aviatiom, wherever, by
whomscever arnd for whatever reasans they are perpetrated. It also strongly
condenmned the destruction of Gaza Intermational Airport ard its air revicgtion
facilities while reaffivming the inpartant role of IO in facilitating the resolution
of questians which may arise between Contracting States in relation to matters
affecting the safe and arderly qperation of intermatiaal civil aviation thraughout
the world. The Council urged Isreel to aarply fully with the aims ard dojectives
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of the thicago Cawention, while strangly urging Israel to take the necessary
measures to restore Gaza Intermational Airport so as to allow its regpening as
som as possible.  Additiarlly, the Gouncil requested the President of the Council
to atterd to the inplarentation of this Resolution, ard to seare the full
aooperation of the parties with respect to the agolication of the thicago Cavantion
ard of the above-mentioned principles. Fimally, the Coancil requested the
Secretary General to inform all Contracting States of the Resolution (ICRO,
20022, p. 2).

There have been several instances where the Council was called upon to
amsider aerial incidents irwolving Gmtracting States. Sare of these are
discussed below.

Korean Airlines (South Korea— USSR, 1983)

On 1 September 1983, the President of the Council of ICRO received a
commiqué from the Minister of Foreign 2f fairs of the Repdblic of Korea that
Flight KE 007, which was being carried cut by a Korean Airlines Boeing 747
passencer airliner, had disappeared of £ the radar screens after it tadk of £ fran
Anchorage, Alaska, an 31 RAugust 1983 bourd for Secul. The Minister requested
ICAQ’ s assistance with regard to ensuring the safety of the passengers, crew,
ard aircraft (ICRO, 1983a). The diplamatic respanse of the President was
instantanecus arnd immediate, containing a message to the Minister of Civil
Aviation of the USSR. It stated that information had been received by IC2O that
an aircraft might have possibly landed in Soviet territory and that IC2O wes
anfident that the Soviet authorities were rendering all assistance to persans
and property concermed (ICRO, 1983a, p. 2) .

As an initial respanse to the incident, the ICAO Coacil met in extraordinary
session an 15 and 16 Septenber 1983 at the request of the Goverrment of the
Republic of Korea and the Govermment of Canada and adopted a resolution
which averred to the fact thet a Korean Air Lines civil aircraft was destroyed an
1 Septearber 1983 by Soviet military aircraft. The Council, by Resolutio,
expressed its despest sympathy to the families bereaved in this tragic incident
ard reaf firmed the principle that States, when interospting civil aircraft, should
not use weapons against them. Inter alia, the Resolution also deplored the
destruction of an aircraft in comercial intematiael service resulting in the loss
of 269 irmocent lives and recognized that such use of ammed force against
intermatiarl civil aviation is incorpatible with the nomes goverming intermatiaal
behavior and elementary considerations of humenity as well as with the Rules,
Standards, and Recomended Practices enshrined in the Chicago Convention
ad its Amexes. The Council divected the Secretary General to institute an
investigation to determine the facts ard tedmical agpects relating to the flight
ad destruction of the aircraft ard to provide an interim report to the Concil
within 30 days of the adoption of this Resolution and a conplete report during
the 110th Session of the Gouncil. All perties were requested to cogperate fully in

The issue was further discussed under the auspices of ICZO at the 24th
(Extraordinary) Sessian of the IZO Assembly, which met at Montreal from 20
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Septenber to 7 Octdoer 1983 with the participation of 131 Ctracting States.
In the general discussion, much attention focused aon the tragedy of the Korean
Airlines flight 007 ard an the resolutians of the Extraordinary Session of the
Garcil. The Assenbly adopted Resolution A24-5, which, while endorsing Council
action taken so far, urged all Menber States to cooperate fully in their
implerentation.

During the Assembly, the Delegation of Canada presented a proposal for a
new Cawention an the Interception of Civil Aircraft (ICRO, 1983a) ard the
Assenbly referred the proposal to the Council of ICZO for further study an the
understanding that the Council was empowered to amsider the inclusion of this
item into the General Work Programme of the Legal Cormittee.

Pursuant to requests (ICAO, 1992a) from the Goverrments of Japan, the
Republic of Korea, the then Russian Federation, and the United States, where
all but the Russian Federation had mede direct reference to Article %4 @) of the
Chicago Cowention (Chicago Covention, 1944), the President quoted Rules
27 d) ard 25 b) of the Rules of Procedure of the Council, the formmer of which
provides for an item to be included an the Agenda of a Council meeting where
the President, Secretary General, or a (mtracting State requests a new subject
to be included, ard the latter of which provides that any additiaal subject which
fulfils the caditians in Rule 27 (d) should be included in the Work Programme of
the Gucil. Accordingly, the Council decided to include the Korean Air incidat
in the work programe of the 137th Session of the Council. The subject was
documented accordingly (ICAO, 1992b) and subjected to sustained discussion
by the Council with attention to detail and with views being expressed by mery
representatives (ICAD, 1992a) . These discussions resulted in the Concil, inter
alia, decidirg to caplete a fact-finding investigation, which IO initiated in
1983, ard instructing the Secretary General to request all parties irvolved in the
irvestigation relating to Korean Airlines Flight KAL 007 to cogperate fully with
IR0 in tuming over to the Orgenization, as som as possible, all relevant
materials (ICRO, 1992c, p. 131).

The intervention of the ICAO Council with regard to the Korean Air incident
ard its instructions to the Secretary General are good exanples of the ICRO
diplamstic mechinery in action. The almost instantanecus galvanizing into action
of the IO Council, throuch which the diplomatic voice of ICRO is heard, and
the metiaulaus attention to detail (particularly regprding prooedire) reflect a
good exanple of the legal mexim omnia preasumuntur rite esse acta (everythirg
is presured to be done the proper way) .

At the Council session, held an 25 and 26 Septenber 1983, the President of
the Comcil succinctly sumerized ICAO's role in the irvestigation of the KAL
007 incident:

Tt falls clearly to IO ... to fous its attention an gpining a full ard aarplete

technical understanding of how this tragic event occurred and to examine

every elerent in I’ s existing tedmical provisians for prawting the safety

of air revigetio ... (ICZO, 1983c, p. 4).
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At its 138th Sessim, the Council examined the interim report of the ICRO
irnvesticptive team into the KAL 007 incident as well as progress mece in aollecting
facts recarding the shooting down of the aircraft. The Council noted the excellent
cogperation provided to the ICAO investigative team by the Contracting States
omcermed ard noted that a final report an the ICAO investigation would be
placed by the Secretary General before the Council at its 139th Session.

The carpleted report of the Secretary General was presented to the Council
during its 139th Session (ICAO, 1983e, p. 69) ard the Council closed the matter
of KAL 007 an 14 June 1993. From a diplamatic perspective and irrespective of
the findirgs of the Repart - which are not relevant to this article, it must be noted
that the autoore of the Report and discussions that ensued in the Council
endorsed the usefulness of the Council. As reflected in the Statement issued in
Council by the Republic of Korea:

The Council nust ance agein meke it clear to the world that, while reaffivming
the principle of prchibition of the use of ams agpinst civil airaraft, it ureservedly
aadams the destruction of a civilian aircraft sinply because it strayed into the
airspace of ancother comntry (ICZO, 1983, p. 69) .

The role of the IO Council was aptly brought to bear by the United Kingdom
during the Council’s deliberations an KAL 007, which was supported by several
other States, that the Council should not seek to endorse the conclusions and
recamerndations in the Report since it was not a trilbunal seeking to reach a
Judgment an the facts (IC2O, 1984, p. 72) . The significance of the Council’s role
as a diplametic tool in intematianl civil aviatiom is bome aut by the Sumery of
the President of the Council which formed the substance of the Council Resolution
that followed ard which, interalia, expressed agoreciation for the full cogperation
extended to the fact-finding mission by the athorities of all the States aocemed.
The President appealed to all Gmtracting States to ratify Atidle 3 bis to tte
Chicago Cowention, which approved the fundamental principle of general
intermatiaal law that States must refrain from resorting to the use of wegpms
aopiret civil aivaraft.

Libyan Airlines (Libyan Arab Jamahiriya, United States, 1973)

The KAL 007 investigation and the ICRO approach to the issue of dispute
resolution was clearly a reiteration of the positiom taken by the Goncil in its
earlier determination of the Libya-Israel dispute in 1973. The incident cocermed
the shooting down of a Libyan Airlines Boeing 727 aivcraft by Israeli fidter aivaraft
a 21 Feoruary 1973 over Israeli ooaupied Sinai territory. One hundred and ten
persans were killed in the incident and the Boeing 727 aircraft irvolved wes
copletely destroyed. As an immediate response, the ICAO Council convened
the 19th Sessiom (Extraordinary) of the Assembly, at which speskers gererally
condemmed. the act of destruction. An irvestigation wes called for ard the
Assenbly proceeded to adopt Resolution A19-1 that stated thet the Assembly,
having ansidered the item conceming the Libyan civil aircraft shot down an 21
Feoruary 1973 by Isreeli fighters over the ocoupied BEoyptian territory of Simai,
aavemed the Isreeli action, which resulted in the loss of imocent lives.
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Covinoed that such an action adversely affected and jegpardized the safety of
intermatianl civil aviation ard therefore, argasizing the urgency of udertaking
an imrediate irwvestigation, the Assenbly directed the Council to instruct the
Secretary Gaeral to institute an irvestigation in arder to udertake fact-findings
ard report to the Gauncil. The Assarbly also called upm all parties irvolved to
aoperate fully in the investigation (IC2O, 1973a) .

Consequently, the Secretary General of ICRO presented his report (ICRO,
1974) , which was in effect a repart of the Secretariat investicgtive team catainirg,
interalia, a draft resclution (IR0, 1977) developed by nimerous IC20 Contracting
States. Pursuant to sustained discussion in Comncil, the Representatives an
the Council agreed upon a Resolution, which was adopted by the Council. The
Resolution, while recalling United Nations Security Council Resolution 262 of
1969, which codemed Israel for praveditated action against Beivut Intermatiaml
Adrport resulting in the destruction of 13 camercial ard civil aircraft, expressed
its desp cawiction ard kbelief that such acts aastitute a sericus darnger against
the safety of intematiawl civil aviation, ard recoonized that such an attitude is
a flagrant violatim of the principles enshrined in the Ghicago Cavention.

The above statement of the IR0 Council truly typifies the quintessentially
diplomatic approach taken by ICAO on contentious issues between ICRO
Ctracting States. If ae amalyses the first part of the Coucil Resolution as
given aoove, it is difficult not to rnote thet the Gouncil has gkdllfully restated an
already adopted resolutian of the Thited Natians, ensuring that, while avoiding
being judgrental, it noetheless aaweys to the intematianal aviation camunity
its position an the issue at hard.

In the secod part of the Resolution, the Comcil proved to be even more
dextercus, in couragecusly taking a stand by strogly condeming the Israeli
action, which resulted in the destruction of the Libyan civil aircraft and the loss
£ 110 immocent lives, and urging Isreel to aoply with the ains ard dojectives of
the Chicago Cawention. The mastery of the Council, in encompassing, into a
single resolution, a campelling precedent established by a United Natians
resolution together with its o resolute position, is diplarecy at its most astute.
The dexterity of the Council in this instance must not be mistaken for
tendentiocusness nor devicugness as the Council Resolutim is clearly forthright.

USA - Cuba, 1996

(n 24 February 1996, two United States registered private (general aviatian)
civil aircraft were shot down by Qien military aircraft, which resulted in the loss
of four lives. Consequent upon informetion received from the United States
authorities of the incident, the President of the ICRO Council, an 26 February
1996, wrote to the Goverrment of Cuba expressing his deep concern and
requesting authentic and authoritative informetion pertaining to the incidents
(ICRO, 1996a) . Further developments ensued on 27 February 1996 when the
United States formally requested that the Concil of ICAO consider the matter
under Article 54 (n) of the Chicago Cawention, and, an the same day, the Thited
Nations Security Council issued a statement through its President deploring
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the shooting down, by Qien military aircraft, of the two United States registered
airxaft. The Security Comcil also alluded to ZArticle 3 bis of the Chicago
Cowvention ard the Montreal Protoool of 1984 both of which provide that States
nust refrain from the use of wespans against civil aircraft in flight and must not
endarger the lives of persans an board ard the safety of aircraft. The Security
Council requested the ICRO Council to lock into the metter ard to expediticusly
report to it (I.L.M., 1996). For its part, Qie, in its commnicatians to the
President of the Gouncil, dwmicled a serdes of drawlogical violarians by United
States registered aivcraft. This was followed by a further camunication on 28
February 1996 from the Cuban Ministry of Foreign 2f fairs addressed to the
Secretary General of IC2O alluding to a series of violatians, which had allegedly
increased over a twenty-math period, of Qioen airspace by civil aircraft registered
ard based in the Unhited States. The Govermment of Cuba urged ICRO to carry
art an extensive investigation into the violations, repeated over the years, of
Quen airspace by aircraft caning from the Thited States, including the incidents
of 24 February 199%.

The comunications received by ICAO with regard to the incidents of 24
February 199 clearly required the Orcpnizatian, under Article 54 (n) of the Chicap
Cowvention (1944), to investigate two issues:

a the incidents of 24 February 1996, an irvestigation which was requested
both by the United States and Cuba; and

b repeated violations of Cuben airspace by aircraft registered and based
in and ooming fram the United States, alleged by Clba, which requested

When the above-mentioned issues were addressed by the ICAO Council on
6 March 1996, the position taken by the United States was primarily based an
Mrticle 3 bis of the Chicago Cawention, whereby the United States claimed that
there was a duty incuncent upm every State to refrain from resorting to the use
of wespas against civil airaraft in fligt. Accordingly, the United States claimed
that the Qulen action was a blatant violation of intermatriawl law and that firing
a wermed, ko civil aircraft could never ke Jjustified. The United States claimed
that, axsequently, as required at intemetiasl law, the Cuban Goverrment should
pay appropriate compensation to the families of those whose lives were lost
(I2O, 199D, . 68-71).

In response, the Cuban Delegation claimed that Cuba had been a victim of
¥ olatians of its sovereignty ad territarial integrity for many years which irvolved
aircraft caning fram the territory of the Uhited States ard that, over the previaus
20 months, as many as 25 such incursions and violations had been detected by
Qua. Qia also coanterclaimed that, in response to the reference by the United
States of Article 3 bis, there was a stipulation in the Article dhliging every civil
alrcraft to aarply with arders of the suojacat State mekirng the State of arigin of
the aircraft doligated to ensure aorpliance with such orders. Another argument
adduced by Cuba was that paragreph (d) of Article3 bis, which stated that each
(mtracting State was required to take appropriate measures to prohibit the
&likerate use of any civil aircraft registered in thet State, inter alia, for ay
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purpose inonsistent with the Chicago Cawention, was applicable to the
instances concermed.

The overall trend in the Council, when the US-Cuba dispute was taken up,
was Indicative of a consensus that action taken by Cuba was deplorable (ICRO,
1996c, pp. 9-92) ard, in the words of the United Kingdam, which seemingly
echoed the general view: “The principle is simple. Weapons must not be used
acpinst civil aircraft in interratiaal ad civil aviatiay’ (ICRO, 1996, p. 88). n
the issue of violation of airspace, which was brought up by Cuba, marny States
voiced the view that there was indeed an doligation an the part of all States to
refrain from violating the sovereignty of States, while sare States fooused their
attention an Article 4 of the Cawvention which requires that civil aviation must ot
be used for any purpose inconsistent with the aims of the Cowentim.

Due to its inherent conplexities, this was clearly ane issue that darended
that ICAO's diplamtic fabric be tested to its limits. The wisdam ard diplarecy
of the President of the Council proved irvaluable when he advised the Concil of
the three altematives available to Comcil in its proouncament: resolution;
decision; or anclusion. The President further advised the Council that whether
the Concil praounced by resolution, by decisian, or by aonclusian, arty ane of
these would be binding in terms of implementation. Cosequently, the Presidat
of the Goaxil presented a revised version of the draft Resolutions presented by
both the Uhited States and by Qiba, for ansideration by the Council. The draft
Resolution suggested by the President, while recoonizing that the use of wespms
agpinst civil aircraft in flight is incarpatible with elamentary ansideratians of
hrenity and the norms governing intermatianal behaviour, wesf fimmed thet States
nust refrain fram the use of wegpas agpinst civil aircraft in flidht ad that, wen
interospting aircraft, the lives of persans an board ard the safety of the aircraft
must not be endangered. For action, the draft Resolution required that the
Secretary General initiate an irvestigation without delay into the shooting down
of the aircraft, in pertiaular with reference to the request of the United Netians
Seaurity Gouncil Resolution, ard that the Report of such investigation should e
mede available to the Council within 60 days in order to be transmitted to the
United Nations Security Concil (ICRO, 199%e, pp. 102-103).

Is to the relevance of including a reference to Article 3 bis in the Resolutim,
the President of the Council advised that Zrticle 3 bis merely recoonized a
principle of custarery intematianl law ard there was an addition to the principles
enbodied in the Cowention. As such, it was the President’ s view that there was
10 rneed for the Resolutio to reaf fivman Article, which in ef fect was an af fimatim
of the himenitarian principles already incorporated in the text (ICRO, 199%f, p.
103) . It is noted thet, by effectively precluding the express mattion of a principle
of custamary intermatiaal law as incorporated into the Chicago Cawention, the
Gouncil played its ultimete role in diplarecy and political rectitude, by staying
within the parareters of its o jurisdiction ard avoiding inorsians into judgrent
prior to facts being properly ascertained.
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The final Resolution of the ICRO Council, adopted an 27 June 1996 following
the Report of the Secretary General, erbodies two critical principles. These
were that the Council recalled ard recognized the principle that every State has
aarplete ard exclusive sovereignty over the airspace above its territory ard thet
the territary of a State shall be deared to ke the lard aress ard territorial waters
adjacent thereto; and that States must refrain fram the use of wespos against
civil aircraft in flidht ad thet, wen interosptitg civil airaraft, the lives of persas
a board ard the safety of the aircraft must not e endangered. Integral to the
Resolution was also the principle that each Contracting State should ensure
that aporapriate measures are taken to prahibit the deliberate use of arny civil
aircraft registered in that State ar gperated by an goeratar who has his principal
place of business or pemenent residence in that State for ary purpose
inconsistent with the Chicago Cowention. The Council’s condemation of the
use of wegpmns acgainst civil aircraft involved the explicit mention of Article 3 bis
at this advanced stage of the resolution meking process, which, when examined
fram a diplaraetic perspective, is seamirgly appropriate and purposeful .

The Council Resolution was an example of the conprehensive mammer in
which the Council addresses issues referred to it under Article A @) . Additiaswlly,
the Resolution mesterfully indicates the views of the Comcil by recognizing
that, vhile m the ae hard it should be recognized that all States have aoplete
ard exclusive sovereignty over the airspace above their territories and that such
sovereignty should not be encroached upon, an the other hand States do not
have the right to use wespans against aircraft endangering the lives of those mm
board, no matter what the circumstances.

In the asideration of ICAO’'s role as a specialized agency of the United
Natians, which is from time to time called upm to address contenticus issues
at the request of its Gmitracting States, it is inevitable that sore determination
nust be made an whether ICAO should refrain from transgressing the parameters
of intermratiarl politics within its diplamtic effarts. The IBAia isse was clearly
ae where the IR0 Council traversed the diplomatic rope with a balanced sense
of purpose ard dedication to its role. The duality of sovereignty ard protection of
its territory by a State balanced well with the sorewhat perenptory admonition
that whatever the rights of a State may be, the use of weapanry could not be
condoned under any circumstance.

The Iranair Incident - IR 655 (Iran, United States 1998)

The extent to which ICAO will be exposed politically in issues addressed by
the Council is perteps best illustrated by the aonsideration of the Council, in
1988, of the Tran Air incidar. This concermed the shooting down of an Iran Air
Airlus A300 (IR655) carrying conmercial passengers an a scheduled flight from
Bandar-Abas (Iran) to Dubai. The aircraft was brought down by the U.S.S.
Vincennes over the Persian QUlf, resulting in the death of all 290 persans an
board the aircraft. The incident, which ccourred on 3 July 1988, was amsidered
by the Council at several of its meetings, notably an 7 Decarber 1988 when the
Council adopted its decisian. The Gouncil decisian, while recalling the event of
3 July 1988, acknowledoed the fact finding investigation report of the Secretary
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Gereral of ICRO, ard urged all States to take all necessary actians for the
safety of revigation of civil aircraft, pertiailarly by assuring effective coodination
of civil ard military activities. The Resolution want an to refer to the furdamental
principle of gereral interratianl law - that States must refrain from resorting to
the use of weapms agpinst civil aircraft - and urged States to ratify Zrticle 3 bis
expediently, if they had alveady not doe so.

e of the emergent features of the ICZ0 Council, which becamre clear at its
deliberatians, was the Council’s resolve to address its deliberations to purely
tedmical issues pertaining to the incident, while stringently avoiding political
isstes ard diplametic pitfalls. This is certainly true of all incidents discussed
above, where the Council restricted its soope to tedmical issues as applicable
to the principles enbodied in the Chicago Cowention.

Although IO has so far sucoessfully avoided uderlying political cotentians
brought to bear by the issues it addressed, the question has been asked as to
whether IC2O could contime to divorce aeranautical or tedmical issues from
wderlying political muances. The answer would seem to lie in the ervirament
within which ICRO functions and the principles upon which, wder the Chicago
Cowvention, ICRO could work. Primerily, ICRO' s dojective is to develop principles
ard tedmiques of air navigation arnd to foster the plaming and developrent of
intermatiarl air trangport so as to insure the safe ad arderly growth of air
navigation (Chicago Cawentian, 1999) . When this fundamental postulate is applied
to the Preanble of the Chicago Cowention, which provides that the abuse of
intematianl civil aviation can becare a threat to the general seardity, ICAO' s
mandate becomes clear.Taken together, those two principles bring to bear the
fundamental truth about ICRO - that the Organization has to ensure safety and
orderly (ecanamic) growth and, at the sare time, ensure that civil aviation not
e abused to the extent of becamning a threat to general glaal security. What
this generally means is that ICAO has to ensure adherence by States to the
principles of aviatio as adopted within the ICRO regulatory udorella.

In this antext, the principles of the Chicago Cowentian ard its Annexes
beoore relevant, as pointed cut by manber States during discussians in Council
on the issues addressed above. However, the resposibility is rot nerely
aesided. IO carot, ad will not tum a blird eye an the nn-aviation practices
of a State if it would endarnger the dojectives of civil aviation. For exanple, ard
as mentioned earlier, at its 15th Session in Jue/July 1965, the Assernbly adopted
Resolution Al5-7 (no langer applicable) — Condemnation of the Policies of
Apartheid and Racial Discrimination of South Africa - which recognized that the
then gpartheid policies of South Africa axstituted a permenant source of anflict
ketween the pecples ard the ratians of the world ard that the policies of gpartheid
ard racial discrimination are a flagrant violation of the principles endwined in the
Preanble of the Chicago Cawention. The Resolution urged South Africa to
coply with the aims and dojectives of the Chicago Cawention. A similar initiative
was seen later when, at its 17th Session in Jire 1970, the Assembly adopted
Resolution A17-1 - Declaration by the Assembly - which recognized that
intematianl civil air transport helped to create ard preserve friendship ard
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understanding among the people of the world and to promote comerce between
nations and requested Contracting States to take concerted action towards
suppressing all acts which jeopardized the safe and orderly development of
intermatianrl air trangport. In this aotext, the most forceful exanple of IRO's
role can be seen in Resolution A20-2 - Acts of Unlawful Interference with Civil
Aviation, adopted in March 1973 by the Assembly, vhich reaf firmed ICAO’ s rale
as facilitating the resolution of questions that may arise between Contracting
States innmatters af fecting the safe ad aderly queration of civil aviatio thraghot
the world (IC2O, 1973b, pp. 1-3).

Tt may e noted that an inevitable corollary to the establishment of IC20 by
the world comunity, as a “clu” of States, is that most prablars, which are
directed at the IO CGouncil, could irvolve ar be generated by intractable political
disagreenents or conflicts between States. As such, it would be maive for IC2O
ot to ke aware of the nature of amnflicts before its Council. However, ICRO
remains a specialized agency of the United Nations with a specific agenda as
embodied in the Chicago Cowention. In this regard, ane must bear in mind the
doservation of a fomer Secretary Ganeral of the Uhited Natians, Javier Pérez de
Qellar, wen he said that the world must ke cautiaus ot to blur, mix, ar sspevate
gpecific functions of the main organs and specialized agencies by treating them
as interchangesble platforms for pursuing the same political aims (IC2O, 1986,
po. 148-149) . States bear an enormous respansibility in not letting this hapeen.

Conclusion

Wen dealing with issues of aviation to which diplawecy is aoplied, it is
important to remenber that, in the past, a natiom’s air power was the sum total
of all its civil admilitary aviatio resomces (ven Zadte, 1944) . After World War
1T, the importance of aviation towerd maintaining peace was recognized since
civil aviation holds the key to the power and inportance of a nation and therefore
it must be regulated or aontrolled by intermatiaml authority (van Zandt, 1944) .
Furthermore, Lord Beaverbrook, at that time, stated in the British Parliament
thet:

Qur first aoem will ke to gain general acosptance of certain road principles

whereby civil aviation can be mede into a benign influence for welding the

rmatians of the world together into a closer cogperation. . .it will ke axr aim to
meke civil aviation a guarantee of intemetiarl solidarity, a mainstay of world

peace. (Flight, 1944, po. 97-98)

Tre intensely political overtaes that moulded the incipient gldoeel civil aviation
systam inmediately following the War incmtrovertibly established the relevance
of diplaracy, intematiasl politics ad intermetiasl relatias in civil aviatio, as
exenplified in the statement of Wamer, the first President of the IR0 Council:

It is well thet we dould e raminded. . . if the extat of the part which diplawetic

ard military aasideratians have played in intermariarl air transpoart, even in

pericds of udisturied peace. We shall have a false idea of air transport’s
histary, ard a very false view of the prableans of plaming its fubre, if we think
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of it prely as a comercial enterprise, ar neglect the extant to which political
axsideratians have been aomtrolling in shaping its cowrse (as cited in
Lissitzyn, 1942, p. V).

This statarent reflects what civil aviation stood for at that time ard, more
importantly, thet is still viable in the presat catext. Civil aviation hes hed to
serve the political and economic interests of States ard, as such, ICZO has
altemated between two positions - its udbtrusive diplamtic role and its nore
pronounced regulatory role (Sochor, 1991) . It must be recalled, however, tet
the Unhited Nations wes neither conceived as a legislative body nor a policing
agent of the world, ard therein lies the dilama.

In interat daracteristic of aviatim is its ability to prawte both interratiaal
discourse ard goodwill as well as to develop “a feeling of brotherhood among the
peples of the world” (Schenkmen, 1955) . The prdbolems of intermational civil
resolution carmot ocour without the irvolvement of the gldoal political ard
diplamatic machinery (Schenkmen, 1955). It is at these crossroads that the
United Nations mechanism in general, and IC2O in particular, is profordly
irvolved, and, consequently, have digpelled feelings that the United Natians is
now rendered inpotent as the last resort and bastion of freedom and democracy .

Through its mechanism, the United Nations has clearly demonstrated that
laws and regulatians could ke damocratized ard that nations have the ggportunity
to voice assent ard dissent. Its duarters and governing instrurents are primerily
aimed at recomendations for coordinating or harmmizing the activities of its
Marber States and these States can utilize these resolutions since they are
party to the discussion, negotiation, and adoption process, an the basis of
sovereign equality assigned to each State at public intematianal law.

Doubts as to whether the integrity of the WN Charter could possibly be
conpramised or impaired by political ansiderations are easily dismissed since
States have the discretio to acospt or refuse interpretatians of the Gharter
when weighing their own rational interests of security and safety, thergoy
effectively precluding retrogress caused by polarization and ensuring the veto
right of a minority dissating grop. Rrthemare, the ITntermatiael Gt of Justice
ensures that a single State, through its abstention, camot amuil a desirable
adaptation by the Comncil.

Given this bread spectrum of gldoal governance, the United Natians Security
ouncil hes exercised its position, after the events of Septenber 11 for exanple,
in ardering all States to take ar to refrain fram taking specific action in a aatext
without disciplining a pertiadlar contry . Resolution 1273 of 28 September 2001
adopted this approach digpelling the kelief that the United Nations could not
legislate intermatiaal law when required, nor could they impose sanctions or
restrictions an all States, including non-Marber States. Rurthemore, ZArticle
2(7) of the Charter permitted the United Nations to intervene in the domestic
Jurisdictions of a State ard gpply enforoarent measures if there is an coourrence
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of acts of aggression, a threat to the peace or breach thereof. Gmsequently, te

principles of intermatiaal law are recognized as an integral part of meintaining
peace and security.

(learly, the role of the United Natians has neither been diminished nor
threatened as evidenced in September 2000 when it adopted Resolution A55/2
- United Nations Millennium Declaration, which recognizes that States have a
collective regpansibility to ugold the principles of himen dignity, egelity, axd
equity at the gldoal level, notwithstanding their separate respansibilities. This
Resolution has reaf firmed States’ comitment to the United Nations Charter
ard its relevance ard capacity to ingpire natians and pecples.

The United Natians has demmnstrated its beneficial and ccercive influence in
intermatiaal mediation. In the particular context of IC20 ard its Gouncil, the
mein axsideratio is the careful extrapolation of the applicability of legl niles
to intermatianl politics, which, innmodem times, means the politics of ae single
State or pluralistic States (mow called international society) ar, an anarchical
society, vwhich is a grogp of States that do not adhere to the call of a common
power but ramins a aollective social wnit sharing comm interests, values ard
principles of governmance (Bull, 1977). However, such collective ratiasl units
carot fuctio in isolation ard irevitably recognize that gldoeel policy is dictated
through intermatianal orcgenizatians such as ICAO. In such an envirament, the
distinction between both intemational law and politics becares blurred and
individal interests ro lager prevail in aosolute fam.
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Abstract

This paper discusses the services available to the airport industry
through AirportNet, the e-government website of the American

Association of Airport Executives. Through the AirportNet, local
govemments, policy makers, lobbyist, suppliers, vendors, and many
more are linked together through this premier airport manage-
ment website. Discussions on what services are available to the

airport industry and how local governments may improve the air-
port services they offer using electronic technology are discussed.

A discussion of what social cost, if any, is included.

AdrportNet ard the Aivport Divectar

The American Association of Airport Executives

The American Association of Airport Executives (RRRE) is the largest
professianl arganizarion of airport officials in the world, represating thousards
of directors and menaegers at publicly operated airports worldwide. As pointed
art by 2ARE (2004) , the primery goal of the ARAE is to assist local governrment
cfficials in fulfilling their resposibilities in the queration of airparts in the

camnities they serve.

Requests for reprints should be sent to Kay Chisholm, FAA Academy,AMA-530,
P.O. Box 25082, Oklahoma City, CK 73125. E-meil to kay.chisholm@faa.gov.
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The membership of the AAAE is truly representative of airport menagement
throughout the United States. Equal erphasis is placed on large, as well as
gmll airports and commnities, including large, medium, smell, non-hub, and
general aviation airports. In addition, the marbership is canposed of federal,
state, ard local officials, and aryane else who might have an interest in airport
management .

Fourded in 1928 to represent managers of U. S. airports, the organization
holds an arrwal meeting to bring aviation officials throghout the world together
to discuss the latest prableams, issues, and energing tedrologies in airport
management. In 1954, the ammual conference was expanded to include an
exhibitor’s showcase of new services, products, and equipment. That same
year the ARAE adopted professional standards for member accreditation. Since
then, no ane has been awarded the designation of Accredited Airport Executive
(A.A.E.) without meeting the established requiraments of the Bosrd of Directors.

Since the organizatians inception, AARE has continued to grow and move
foward, not aily in size ard in expertise, ut also with an interactive e-
govenmeat waosite, known all over the warld for delivering infamerion ard services
to the airparts it serves. AirportNet, the nane of the AAAE website, is a powerful
website viewed by industry and govermment leaders alike. The website brings
ity of stragth to the airport industry for the menbers of the AARE. Tt also
brings the efficiencies of computer-based information tedmology to thousarnds
of menagers ard goverrment officials worldwide, replacing other slower forms of
commnications used in the past.

Aocording to Janes, George, and Hill (2000) , menagers carmot plan, orgenize,
lead, ard aotrol without access to infoarmation. Infarmation is their source of
knowledge ard intelligence from which to meke correct decisions. Data are the
raw facts such as canpensation paid, sales, landing fees, and any rumoer of
related ard unrelated facts. Infometio is data thet is organized in a fashion
that mekes meaningful sense to the manager, such as a graph or a dhart showing
changes, trends, or corparisans. Data by itself does not tell the menager
anything useful. The comparison between data and information is important,
because websites like AirvportNet nust transform data into information that is
orcanized to assist meragers in meking decisians. Data collected by the AAAE
and put an AdrportNet must, therefore, e acarate, reliable, timely, carplete,
ad relevat far it tobe useful to the aivpart of fidal. AlrportNet is the informetion
tedmology that AAAE uses to acguire, store, menipulate, and transmit airport
informetion worldwide. For airport of ficials, AirportNet servers to assist in three
distinct aress: mekirng effective decisians, catrolling the activities of their
arcenizatians, and coordirating activities of the markers relative to the airport
idustry .

Aooording to Dessler (2001), menagers at different levels in different
orcpnizations need different types of information. First-line menagers need

information that focuses on day-to-day operations. Middle menagers need
information on intermediate range issues, such as tactical plans ard short-term
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farecast. Fimally, top menagers need information systems that allow them to
explore executive level issues ard keep abreast of industry develogorents. They
also nead trensaction processing capebilities, such as listing for position
vacancies, husiness goportinities, and other similar services. For these reasans,
AdrportNet has becore the premier e-govermment informetion technology tool
far airpart officials in the U.S. ard aoread.

AirportNet Content-Specific Sub-sites
As pointed aut by ARAE (2004) , AirpartNet is divided into five axtent-specific
sub-gites. Each sub-site consists of wunique features that are discussed
separately . These sub-sites are:
AAAE Home
AAAE Membership
Aviation News
Government Issues
Products and Training

U W N

AAAE Home

The ARAE Home page includes sections on aviation news, meetings and
anferences, daily quiz, ad spotlight. The aviation news section lists the anrent
news for that day.The meeting and conferences section provides a list for the
aurrent ard upcoming month. Left clicking on items in these sectians takes the
reader to details an that partiacular section. The daily quiz section asks a new
multiple-choice question each day. Each month, the menber with the most
correct respanses receives a prize from AARE. Finally, the spotlidht section
highlights vardicus lirks included an AirportNet, as well as a link for menoer
questions, coments, and suggestions.

AAAE Membership

The cotent sub-site for the ARAE Marbership provides a detailed listing for
the board of directors, camittees, regiawl chapters, manbers, ard staff, alayg
with contact information and biographies of each member.The membership
area also includes a “Corporate Yellow Pages” section with listings arnd cotact
infametiom far all the airpart verdors ard sugpliers willing to pay a awell fee far
inclusion. This sectiom also allows aivpart officials to idattify prospective bidders
for airport projects. Each year ,AAZE conducts a survey of airport construction
ard plarming plans. This survey was develgped especially for corporate manbers.
and purchasing plans for each ARAE menber airport for that year.

A section for menbership specials list car rental carpenies that provide
menber discounts ard a travel agency that forwards ten percent of their gross

incore to the ARAE Foundation. The AARE Foundation provides scholarships
to menbers of PAAE ard their family attending accredited colleges or universities.

AirportNet and the Airport Industry
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This sub-site also includes the new “ACE and ARFF Programs” developed to
provide training certifications for airport enployess in the areas of qoeratians,
lighting maintenance, security, airport caommicatians, ard airport fire fighting
ard rescue. These programs were designed to assist airports in meeting federal
regilatians for training catained in 14 FAR (CFR) 139 (Title 14 Gode of Federal
Regulatians pert 139) .

Firelly, this cotent sub-site includes a section an the ARAE Liability and
W adkers’ Compensation Programs. By joining forces with AIG Aviatim, Trc. as
the exclusive uderwriter of its Alrport Ligbility and Warkers’ Compensation
Insurance Programs, ARAE of fers local govenments’ lishility inarance, woders'
compensation, and loss prevention and claims menagement services at lower
than nommal group rates. Additiawlly ,AAAE of fers 1iability saminars fooused an
gpecific issues that affect airports. Seminars are provided by the law firm of
Daroroff & Gilmore.

Aviation News

Tre sub-site for Aviation News is ane of the more important sub-sites for
airprt of fidals. This sub-site cotains sections an Airport Megazine, Airport
Report and Airport Report Express, request for proposals and business
gooortunities, career center, ad Airport News and Training Network (ANIN) —
the most inmportant and unique feature of the ARAE website.

Airport Megpzire is a quarterly publication of the AARE. It contains member
as well as professiaally written articles an arrent topics of interest to airport
ard other local govermment of ficials. Airport Magazire is the anly trade jomral
specifically devoted to airport issues in the U.S.

Aivport Report is a bi-weekly anline newsletter distributed by the AARE. Tt
omtains news articles, position goenings, ard business opportinities, which
becare available an a bi-weekly basis. For those airport and local goverrment
d ficials desiring a weekly update, Airport Report Express is distributed anline
a1 a weekly basis for a srall fee.

Request for proposal and business opportunities is a section where airport
officials can list arrent request for proposals ard bids, as well as business
gortunities at their regpective airports. This site is available to ayae with
aarputer intermet service who has an interest in suomitting a proposal or bidding
m a project listed an the website. History has demmstrated that this section
reaches more prospective bidders than both local newspapers and the F.W.

Dodge Report

Caresr ocanter is ae of the most useful sections for airport ard local
coverment officials. Cities, comties, private businesses, and the federal
govermment all have access to this site where they can list jdo goportunities
available in their offices, businesses, ar camunities. Tt is not strictly limited to
alrport position vacancies, it can be used to advertise a variety of positians far
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a smell fee. This sectin also cotains a registry where airport ard others
interested in finding an aviation jdo can unload their arrent resure. Once an
Ooenirng is posted, a persan can sard their resure electranically to a progpective
enployer for amsideration. This is ane of the most widely used sections an
AdvportNet.

This last, but most inportant section of this sdo-site is ANIN. By subscribing
O ANIN, airport and local goverrment of ficials acqiire satellite feed divectly to
the Washington DC headquarters of AAAE. From their of fice camputers, airport
ard local governmment officials have instant and direct access to news, videos,
arnd request for proposals and business opportunities as they becare available
at tte ARAE headquarters. More importantly, they can bum (s of the telecast
to build their digital lilvaries, ar use the telemast to infam loml leaders of lregking
news events. ANIN also provides scheduled programming used specifically for
arployee training purposes, as well as taped videos of presentatians an airport
issues recorded at conferences and seminars worldwide.

Govermment Issues

The Govenrment Issues sub-site is another very important and useful sub-
site. It is lrdken down into sectians an legislative af faivs, ssarity, regilatary
and envirvomental af fairs. AARE (2004) , points cut that the ARAE Legislative
Affairs Department represents airports throughout the comtry in Washington,
DC on airport issues before Congress, the White House, DOT/FAA, DHS/TSA,
E PA, NISB ard other agencies with aviation jurisdiction. Together, with aivport
ard local govenment officials, this department helps shape federal policy
govemirg aviation. It also assures that the airport perspective is included as
legislation ard regulatians are develaped.

The legislative affairs section antains a “This Week’s Features” pace where
current alerts, cagressianal hearing reports, headline news, and video updates

can be viewed an a real time basis. The security central section omtains the
same features, with the addition of an Erail update feature for current member

postings.

Airport Alert: Airport Alert: Update on DHS/DOT Spending Bills (Members Only)
Last Updated: 09/30/04 18:05 PM
Hearing Report: Joint hearing on Disrupting Terrorist Travel

Last Updated: 09/30/04

On Tuesday, September 14, Department of Latest Headline: Dulles Among Busiest Airports - Washington Post
Homeland Security Secretary Tom Ridge
testified before the House Select Committee on Last Updated: 09/30/04 8:46 AM
Homeland Security where he commented on a
number of aviation issues. Video Update: Aviation News Today - Featuring: AAAE's Vice President of

Transportation Security Policy, Carter Morris, interviews Carol DiBattiste, Deputy
Administrator of the Transportation Security Administration,

Last Updated: 09/24/04 16:15 PM

Figure 1. This Wesk’ s Features, Friday, Octdoer 1, 2004
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Source: AirportNet

The regulatory affairs section aotains a vardety of arrent docurents of
interest to airport arnd local government of fidals. As of Octdoer 1, 2004, the
section oontained documents on letters from FAA o ficials, airlire kerknuptcy
filings, airport sigege isstes, FAA request for coments on grant assurances,
and program guidance letters, among others.

This sectim also aotains the airport firefighter certification program. The
FAA requires firefidters tonaintain a satisfactary lewel of proficiecy by reguilation.
Uder this program, firefighters can eam the “Certified Fivefighter” and “CGertified
Master Firefighter” training desigmations. An ARFF Review Board of Certified
Master Firefighters from member airports administrators the program.

Firelly, this section cotains a page an non-hub ard general aviation issues
of interest to AAAE members and government of ficials. Lirks to various geeral
aviation ard non-hub airport websites are offered.

Products and Training

This sb-site is the heart of the AARE interactive aarputer-lased video training
system developed by the ARRE. Of all the products of fared, the AARE interactive
training system and on-site training has saved airports and local govenrments
thousards, if not millians of dollars in meeting regulatory requivements of the
federal govermment. An overview an the website by AARE (2004) is as follows:

DARE has developed an interactive computer-based video enmployee
training systam that provides training austanized to your airport. ARAE,

thraugh its ANIN subsidiary, cares to your airport to film the training.
ININ edits it, mekes it interactive and losds it an specialized, dedi-
cated acarputers that are then installed in your airport.

DAARE's IET systems to date have trained more than 135,000 employ-
ees. The following airports have IET systarns in place and cperaticwl—
Salt Leke City, Seettle/Tacoma, Washington’s Reagan National and
Dulles, Nortlwest Arkansas, Boston Logen, Pittsburgh, Providence,

Tanpa, Savamnah, San Jose, Port Columbus, Baltimore/Washington,
Birmingham, Dayton, Phoenix, Bradley, Palm Springs, Portland,

Westchester and Pasco.

Overview
Imegine an easy-to-use, carprehensive and customized, on-site

airport enployee training system that can similtanecusly train
multiple pecple 24 hours a day, 7 days a week—and keep track of

yaur training records far you.

You dn’t have to imegine anymore. AAAE’ s Interactive Erployee
Training (IET) System does all of this for your airport.
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The IET is patented-tedmology that provides you with all of the
hardware and software you need to train airport persamel an
inportant topics, including:
SIDA
Basic Airport Searity Awareness
Ruway Incursion
. A J4arizat]

Other programs developad in conjunction with the airport
upon request

Development Process

Step 1: Together,ARAE and your airport will develcp a custcomized
script for your airport’s TET training program(s) . The script canke
written in English, Spanish and/or other languages of the airport’ s
doice.

Step 2: AARE travels to your airport to canduct a site survey ard to
Step 3: In ansultarion with the aivport, ARAE lays out the scenes,
develops instructiaml scenarios for trainees and metches the script
to the video.

Step 4: AAAE installs the IET System at your airport and trains
apprapriate airport persamel an how to gperate ard utilize all the
functions of the system

What your airport gets with an IET System

Intel-based PC with touch-screen monitor that runs on
Microsoft Windows 2000 Professional with Service Pack 1

Dell Pentium Processor

Computer consoles, desks, chairs and stereo headsets
Out-bourd intemet access to a secured site where training
records are stored and can be accessed 24 hours a day,7
days a week

Corprehensive annual maintenance/service program

AirportNet and the Airport Industry
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Mn-Site Training

Why should your airport take advantage of ARAE’ s customized on-
site training programs?

AARE has established an industry-leading reputation,

training thousards of persarel at airports in the U.S.,
Canada, Grand Bahama and South Korea

Training programs are adapted specifically to your airport’s
requirements and are brought to your airport when it’s
aawvenient for yau.

Taught by well-respected, experienced aviation menagement
cmsultants

AARE provides imovative, thorough and current course
meterials

Econamical way to train several airport persarel at axe in
as little as ae or two days while eliminating travel costs for
yorr staf £ (www .azae.org)

Conclusion

As can be seen, AlrportNet is a powerful e-govenment tool for the airport
director ard local govenment officials. Divided into for amtent-specific sub-
gites, AivportNet provides instant, reliable, ard tinely infamation to airports ard
the comunities they served. AdrportNet is not anly an informetion tool, but can
e used by local governmments to advertise position vacancies, publish request
for proposals ard bids, as well train airport and other enployees. For airport
o ficials, AirvportNet servers to assist in three distinct areas: meking ef fective
decisians, aortrolling the activities of their agpnizatians, and coordinating
activities of the menbers relative to the airport industry AivportNet is periodically
upcared to reflect trads in the airport inmdustry. I do not see any social cost
attributadle to AdvportNet.
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The authors have provided a thought-provoking boock concerning post
September 11, 2001 security issues facing aivcrews and flight attendants an
camercial aircraft. The overall intatt of this bodk is to give readers “insight ard
knowledoe that will be helpful in protecting him or her, other crewmembers,
pessancers ard the aircraft from attadk fran hijackers or terrorists” (p. xvi) . By
virtue of the secrecy veil that surrourds aviation seardty issues, the authors do
ot disauss specific training ar tactics, airline policies, ar TSA gidance far fligt
crews irvolved in attacks by hijackers or terrorists. The dovious audience for
this bodk includes camercial airline aorpenies ard their flight crews. Aircrew
Searrity is agorapriate for a much wider audience including the traveling public,
wniversities with aviation programs, and aviation security orgenizations because
it provides an insight into the new world of camercial aviatiom.

Requests for reprints should be sent to Kay Chisholm, FAA Academy,AMA-530,
P.O. Box 25082, Oklahoma City, OK 73125. E-mail to kay.chisholmefaa.gov.
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The authors have divided the bock into three main sections. The first section
deals with identifying the curvent threats to camercial aviation ranging fram
disruptive passengers throuch chemical, biological, and radiological weapans.
This section oontains extensive examples of recent (1998 throuch 2003) sky
rage incidents, worldwide hijackings, and explosive incidents. The chapter an
terrorism, specifically understanding terrorists as wespos systems, does not
necessarily provide previously unknomn information but it does clearly cgin the
reader s attention as to the new enamy of the air transportation industry .

Section two is dedicated to flight crews and how to prepare for the range of
threats they may enconter . This section deals with a variety of issues specifically
far the cabin crew bt also irvolvirg the flight crew to a lesser extent. Tre dapter
an awareness deals with a level of consciocusness model developed by Marine
Colonel Jeff Cooper and modified for used in aviation. The WHITE, GREEN,
YELLOW, RED, and BIACK phases of awareness provide an easy to understand
correlation between humen states of activity and associated states of awareness.
Although the focus of the model is designed to improve the security awareness
of cabin crews, it also provides an interesting insidht for aircraft accident ad
incident irvestigators dealing with humen error situatians.

The last section provides flight crews with a variety of suggestians an how to
deal with threats. The dhapter an profiling dees not focus an pending airline
profiling tedrolagies but instead offers advice faor flidgtt crews an how to lack far
“Absence of the Normmal” and “Presence of Aoomel” (p. 336) . Two true stardes
provide sarewhat chilling examples of profiling in action. CGhepters an flight
crew survival tactics and uncawentiarl self-defense are not designed to provide
officially sanctianed tedmiques to comter hostile passargers but rather to provide
sare measure of confidence to potential victims that they can fight back.

Aivcrew Security: A Practical Guide is a valuable resomrce for at least thwee
reasas. First, it is praeebly the anly bock an this specific topic and certainly
the most up-to-date bock an the subject available. Secand, the authors are
highly qualified to discuss the topic. The oarbined credentials of the authors
include extensive airline flight crew experience, military flying ard other dities,
a law enforcement background, active participation at C(RM and security
anference, fiveams instruction, ard seaurrity amsultants. The third reasm this
ook worth reading is that identifies a new reality in comercial aviation - the
potential of ancther 9/11 attack has created a new plysical and psychological
between the flight deck and passenger cabin. The flight crew must ensure the
cockpit is not broached arnd therefore are expected to lock down the cockpit if
an unknown disturbance erupts in the passenger conpartment. On the other
hand, flight attendants are tasked with passenger safety as well as defending

the cockpit against attadk by hijackers, terrorists, or disruptive passengers.
The authors have done an excellent jdb in meeting their stated purpose for

writing this bodk. It is well argenized ard well written with a wealth of valueble
infarmetion. Tt is sarewtst regrettable yet totally uderstandsble thaet the mejarity
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of the references in this book have core fram the popular press. There is an
dovicus prablem in finding sdolarly research o the subject of aviation safety in
gmreral ard aircraft searrity in particdlardly since the events of 9/11

Flight-crew menbers, airline passengers, ard readers interested in aviation
occasiarlly diverge moventarily to discuss why pilots should not have to pass
through security and why airport security remaing flawed, Alrcrew Seardity: A
Practical Guide delivers what it pramises.

Book Review - Aircrew Security: A Practical Guide 223



